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(57) ABSTRACT

This invention provides Cephem compounds having the for-
mula:
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or an ester, a protected compound at the amino on the ring in
the 7-side chain, a pharmaceutically acceptable salt, or a
solvate thereof, a pharmaceutical composition thereof, and a
method for treating a bacterial infectious disease with the
compound, the ester, the protected compound, the salt, or the
solvate thereof, wherein the symbols in the formula are
defined in the specification. The compounds exhibit potent
antimicrobial spectrum against a variety of bacteria including
Gram negative bacteria and/or Gram positive bacteria, pref-
erably beta-lactamase producing Gram negative bacteria,
more preferably, multi-drug resistant microbials, in particu-
lar, Class B type metallo-beta-lactamase producing Gram
negative bacteria, and still preferably extended-spectrum
beta-lactamase (ESBL) producing bacteria. The compounds
most preferably do not exhibit cross-resistance against known
Cephem drugs or Carbapenem drugs.

23 Claims, No Drawings
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1
CEPHEM COMPOUND HAVING CATECHOL
GROUP

TECHNICAL FIELD

The invention is related to cephem compounds, which have
a wide antimicrobial spectrum, and in particular exhibit
potent antimicrobial activity against beta-lactamase produc-
ing Gram negative bacteria, and pharmaceutical composition
comprising the same.

BACKGROUND ART

To date, a variety of beta-lactam drugs have been devel-
oped and beta-lactam drugs have become clinically extremely
important antimicrobial drugs. However, there are increasing
number of bacterial types which have obtained resistancy
against beta-lactam drugs by producing beta-lactamase,
which degrade beta-lactam drugs. According to the Ambler
molecular classification, beta-lactamase are largely classified
into four classes. Specifically, those are Class A (TEM type,
SHV type, CTX-M type and the like), Class B (IMP type,
VIM type, L-1 type and the like), Class C (AmpC type) and
Class D (OXA type and the like). Amongst these, Classes A,
C and D types are largely classified into serine-beta-lacta-
mase, and on the other hand, Class B type is classified into
metallo-beta-lactamase. It has been known that both have
respectively different mechanisms to each other in terms of
hydrolysis of beta-lactam drugs.

Recently, clinical problem has been occurring due to the
existence of Gram negative bacteria which have become
highly resistant to beta-lactam drugs including Cephems and
Carbapenems by production of Class A (ESBL) or D types
serine-beta-lactamase and Class B type metallo-beta-lacta-
mase which have extended their substrate spectrum. Particu-
larly, metallo-beta-lactamase is known to be one of the causes
of obtaining multi-resistancy in Gram negative bacteria.
Cephem compounds which exhibit intermediate activity
against metallo-beta-lactamase producing Gram negative
bacteria are known (e.g., Patent Document 1 and Non-Patent
Document 1). However, there is a demand for development of
Cephem compounds which exhibit more potent antimicrobial
activity, in particular effectivity against a variety of beta-
lactamase producing Gram negative bacteria.

One of the known antimicrobials having high anti-Gram
negative bactericidal activity is Cephem compounds having a
catechol group intramolecularly (e.g., Non-Patent Docu-
ments 2-4). The action thereofis that the catechol group forms
achelate with Fe**, thereby the compound is efficiently incor-
porated into the bacterial body by means of Fe>* transporta-
tion system on the cellular membrane (tonB-dependent iron
transport system). Therefore, research has been conducted on
compounds having catechol or similar structure thereto, on
the 3-side chain or 7-side chain on the Cephem backbone.

Patent Documents 8 and Non-patent Documents 2-11 and
16 disclose compounds having a catechol or a structure simi-
lar thereto on the 3-side chain of the Cephem backbone.

Patent Document 9 and Non-patent Documents 12-15 dis-
close compounds having a catechol or a structure similar
thereto on the 7-side chain of the Cephem backbone.

Non-patent Documents 7, 9, 10 and 12-15 describe
Cephem compounds which have been stabilized against beta-
lactamase.

However, these references do not disclose the compounds
of the subject invention. Furthermore, these references,
which describe Cephem compounds having catechol group
intramolecularly, have no specific description regarding met-
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2

allo-beta-lactamase of Class B type, or antibacterial activity
against wide spectrum of Gram negative bacteria including
Class B type.

Patent Documents 10 and 11 do not specifically disclose
Cephem compounds having catechol type substituents. How-
ever, the present applicant filed a patent application for
Cephem compounds having catechol type substituents
(Patent Document 12).

PRIOR ART DOCUMENTS
Patent Documents

W02007/119511 Al
JP 3-173893 A

JP 2-15090 A

JP 2-28187 A

JP 2-117678 A

JP 6-510523 A

JP 5-21397: A

Patent Document 1:

Patent Document 2:

Patent Document 3:

Patent Document 4:

Patent Document 5:

Patent Document 6:

Patent Document 7:

Patent Document 8: JP 2-28185 A

Patent Document 9: JP 6-345776 A

Patent Document 10: WO 2007/096740 A1

Patent Document 11: WO 2003/078440 A1l

Patent Document 12: international Patent Application No.
PCT/IP2009/068400

Patent Document 13: Japanese patent application No. 2010-
087130

Patent Document 14: Japanese patent application No. 2010-
104035

Non-Patent Document

Non-patent document 1: The Journal of Antibiotics, vol. 61,
pp- 36-39 (2008)

Non-patent document 2: The Journal of Antibiotics, vol. 43,
pp- 1617-1620 (1990)

Non-patent document 3: The Journal of Antibiotics, vol. 42,
pp- 795-806 (1989)

Non-patent document 4: The Journal of Antibiotics, vol. 46,
pp- 833-839 (1993)

Non-patent document 5: The Journal of Antibiotics, vol. 46,
pp- 840-849 (1993)

Non-patent document 6 The Journal of Antibiotics, vol. 46,
pp- 850-857 (1993)

Non-patent document 7: The Journal of Antibiotics, vol. 46,
pp- 1458-1470 (1993)

Non-patent document 8: The Journal of Antibiotics, vol. 48,
pp- 1371-1374 (1995)

Non-patent document 9: The Journal of Medicinal Chemistry,
vol. 35, pp. 2631-2642 (1992)

Non-patent document 10: The Journal of Medicinal Chemis-
try, vol. 35, pp. 2643-2651 (1992)

Non-patent document 11: Bioorganic & Medicinal Chemis-
try Letters, pp. 963-966 (1995)

Non-patent document 12: The Journal of Antibiotics, vol. 48,
pp- 417-424 (1995)

Non-patent document 13: The Journal of Antibiotics, vol. 41,
pp- 377-391 (1988)

Non-patent document 14: The Journal of Antibiotics, vol. 49,
pp- 496-498 (1996)

Non-patent document 15: The Journal of Antibiotics, vol. 46,
pp- 1279-1298 (1993)

Non-patent document 16: Applied Microbiology and Bio-
technology, vol. 40, pp. 892-897 (1994)
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SUMMARY OF INVENTION

Problems to be Solved by the Invention

The subject invention provides Cephem compounds which
exhibit potent antimicrobial spectrum against a variety of
bacteria including Gram negative bacteria and/or Gram posi-
tive bacteria.

Preferably, the subject invention provides Cephem com-
pounds which exhibit potent antimicrobial activity against
beta-lactamase producing Gram negative bacteria.

More preferably, the subject invention provides Cephem
compounds which exhibit potent antimicrobial activity
against multi-drug resistant microbials, in particular, Class B
type metallo-beta-lactamase producing Gram negative bacte-
ria.

Still preferably, the subject invention provides Cephem
compounds which exhibit effective antimicrobial activity
against extended-spectrum beta-lactamase (ESBL) produc-
ing bacteria.

Most preferably, the subject invention provides Cephem
compounds which do not exhibit cross-resistance against
known Cephem drug or Carbapenem drugs.

Means for Solving the Problems

The subject invention provides Cephem compounds which
have solved the above-mentioned problems, at least based on
the following structural features:

1) The compounds of the subject invention have cyclic qua-
ternary ammonium group (-E-) on the 3-side chain, and a
catechol type substituent on the terminus thereof, prefer-
ably having one or two chlorine or fluorine atoms on the
benzene ring of the catechol group, and more preferably
having one chlorine or fluorine atom thereon, and especial
preferably having one chlorine atom thereon;

2) The compounds of the subject invention have a spacer
moiety (-D-G-) between the quaternary ammonium group
(-E-) and the catechol type substituent;

3) In the spacer moiety, D is a single bond or a linear chain
group, and it is particularly preferable that G is
—C=0)—
provided D is not a single bond, D is especial preferably

—NH—;

4) The compounds of the subject invention have an ami-
nothiadiazole ring or aminothiazole ring on the 7-side
chain, and a carboxylic group on the terminus of the oxime
moiety; and

5) The feature of another embodiment of the compounds of
the subject invention is to have a non-cyclic quaternary
ammonium group on the 3-side chain, and a catechol type
substituent on the terminus thereof, preferably having one
or two chlorine atoms on the benzene ring of the catechol

group. In this case, with regard to the spacer moiety (-D-
G-), D is a cyclic group, and G is —C(—O)—.
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Specifically, the subject invention provides the following
inventions:
(Item 1)

A compound of the formula:

[Formula 1]
@
2 H Rr3
\NJ\(LN UL
! )i (R
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RY, | ——om
Coo" Y
Rz)\q )m X
OH
™ coon
wherein,
X is —N—, —CH—, —C(-R®)—, or —C(—Br)— or
— C(—Ch=;

R? is lower alkyl or halo(lower)alkyl;

Wis —CH,—, —S—or—0—;

Uis —CH,—, —S—or—O—when Wis —CH,—, and
Uis—CH,— when W is —S—or —O—;

R! and R? are independently hydrogen, halogen, hydroxyl,
carboxy, optionally substituted lower alkyl, optionally
substituted carbocyclic group or optionally substituted
heterocyclic group; or

R! and R? are taken together with a neighboring atom to
form optionally substituted carbocyclic group or option-
ally substituted heterocyclic group;

R? is hydrogen, —OCH, or —NH—CH(=0);

each R* is independently hydrogen, halogen, hydroxyl,
—CN, —C(=0)—R°® —C(=0)—0H, lower alkyl,
halo(lower)alkyl or —ORS;

k is an integer from O to 2;

R® is lower alkyl or halo(Lower)alkyl;

m is an integer from 0 to 2;

Qs asingle bond, optionally substituted carbocyclic group
or optionally substituted heterocyclic group;

G is1) —C(—0)— orii) S-membered heterocyclic group;

wherein

i) when G is —C(—0)—, then

a) Disasingle bond, —NH— or—R’—NH— wherein R’

is lower alkylene;

and E is optionally substituted cyclic group selected from
the following formulae (1) to (45); or

b) D is a group of the formula:

[Formula 2]

N?rg‘
wherein q is O or 1, and E is a group of the following formula
(46); and

ii) when G is 5-membered heterocyclic group,

D is —CH,— or —CH,—CH,—, and E is a group of the
formula (10) in the following cyclic groups of the moiety E:

or
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[Formula 3] ©)
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(34) (41)
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45
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NL 50
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NH Il{x
55
(40) - (46)
N \ /
| 60 N
iﬁiw s
4
?r;\ 65 wherein p is an integer from 1 to 3, n is 1 or 2, and R* is

optionally substituted lower alkyl; provided that the follow-
ing compounds (A-1) to (A-35) are excluded,



US 9,145,425 B2

11
[Formula 5]
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or an ester, a protected compound at the amino on the ring acceptable salt, or a solvate thereof according to item 2,
in the 7-side chain, a pharmaceutically acceptable salt, or a wherein D is —NH—, —CH,—NH— or —CH,—CH,—
solvate thereof. NH—.

(Item 2) 33 (Item 4)

The compound, or an ester, a protected compound at the The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically amino on the ring in the 7-side chain, a pharmaceutically
accept?ble salt, or a solvate thereof according to item 1, acceptable salt, or a solvate thereof according to item 3,
wherein 60 wherein E is a group selected from the formulae (5), (6), (13),

G is —C(=0)—; D is a single bond, —NH— or —R’— (11), (26), (29) to (34), (36), (37), (44) and (45).

NH— wherein R” is lower alkylene; and E is selected from (ltem 5)
the formulae (1) to (45).

The compound, or an ester, a protected compound at the

(Ttem 3) 65 amino on the ring in the 7-side chain, a pharmaceutically

The compound, or an ester, a protected compound at the acceptable salt, or a solvate thereof according to item 3,
amino on the ring in the 7-side chain, a pharmaceutically wherein E is the formula (26) or (31).
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(Item 6)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 2,
wherein D is a single bond.

(Item 7)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 6,
wherein E is a group selected from the formulae (1) to (4), (7),
(8), (12) to (25), (27), (28), (35), and (38) to (43).

(Item 8)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 6,
wherein E is a group selected from the formulae (1) to (3), and
.

(Item 9)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 1,
wherein G is —C(—O)—; and D is a group of the formula:

[Formula 8]

N?F,!
wherein, q is as defined in item 1.
(Item 10)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 1,
wherein G is a 5-membered heterocyclic group; and D is
—CH,— or—CH,—CH,—.

(Item 11)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 10, wherein U is —S—.

(Item 12)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 11, wherein W is —CH,—.

(Item 13)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 12, wherein R? is hydrogen or —OCH,.

(Item 14)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 13, wherein X is —N—, —CH—or —C(—Cl)—.
(Item 15)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 14, wherein a group of the formula:
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[Formula 9]
(RY)
%
| )—OH
X
OH
is a group of the formula:
[Formula 10]
R4
OH
OH

wherein, R* is as defined in item 1.
(Item 16)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 15, wherein each R* is independently hydrogen or
halogen.

(Item 17)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 16, wherein R’ is optionally substituted lower
alkyl; and R? is hydrogen.

(Item 18)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 16, wherein R! is hydrogen; and R is optionally
substituted lower alkyl.

(Item 19)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 16, wherein R' and R? are lower alkyl.

(Item 20)

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1 to 19, wherein m is 0.

(Item 21)

A pharmaceutical composition comprising a compound, or
an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate
thereof according to any one of items 1 to 20.

(Item 22)

The pharmaceutical composition according to item 21,
which possesses an antimicrobial activity.
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As another aspect, specifically, the subject invention pro-
vides the following inventions:

(Item 1")

A compound of the formula:

[Formula 11]
@
2 H Rr3
\N N O\
| W
R4
N\O N A E\D/G \/(\ e
RY,] © | o
R ) Ccoo /\/)
§ OH
COOH
wherein,
X is —N=, —CH=, —C(—R%=, —C(—Br=, or
—C(—Ch—;

R? is lower alkyl or halo(lower)alkyl;

Wis—CH,, —S—, or —O—;

Uis —CH,—, —S— or—O—when W is —CH,—, and
Uis —CH,— when W is —S— or —O—;

R! and R? are independently hydrogen, halogen, hydroxyl,
carboxy, optionally substituted lower alkyl, optionally
substituted carbocyclic group or optionally substituted
heterocyclic group; or

R' and R? taken together with a neighboring atom may
form optionally substituted carbocyclic group or option-
ally substituted heterocyclic group;

R? is hydrogen, —OCH, or —NH—CH(=0);
each R* is independently hydrogen, halogen, hydroxyl,
—CN, —C(=0)—R®, —C(=0)—O0H or —OR;

k is an integer from 0 to 2;

R® is lower alkyl or halo(lower)alkyl;

m is an integer from 0 to 2;

Gis 1) —C(=—0)— or ii) S-membered heterocyclic group;
wherein

i) when G is —C(—0)—, then

D is a single bond, —NH—, or —R’—NH— wherein R’
is lower alkylene;

and E is optionally substituted cyclic group selected from
the following formulae (1) to (40); or

b) D is a group of the formula:

[Formula 12]

N?‘f)
wherein q is O or 1, E is a group of the following formula
(41); and
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ii) when G is a 5-membered heterocyclic group,

D is —CH,— or —CH,—CH,—, and E is a group of the
formula (10) in the following cyclic groups of the moiety E:

[Formula 13]
M

@

&)

@)

®)

©)

Q)

®
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-continued
(34)
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(39)
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N7
NH
(40)
B
NT
E{ P TH
N>ef
(41)

R R
\/
Y

wherein p is an integer from 1 to 3, nis 1 or 2, and R™ is
optionally substituted lower alkyl;

provided that the following compounds (A-1) to (A-35) are
excluded,
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[Formula 15]
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(A-2)

(A-3)

(A-4)

(A-5)
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(A-8)

(A-9)

(A-10)
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[Formula 16]
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S O
HZN—<\ |
N

z,
O/
u(
\ %]
+ Z<j
Z,
o
@)
o
s

COOH o) o OH

S 0
HZN_<\N | \ S
| )ﬁ—( ( 5 0 cl
N N
\, g s
< Co0"

N OH
+\/\N
H
Phime-
OH
COOH
S 0
HZN—<\ |
N NI S
| 0 cl
N N _~ N OH
\ +\/\N
o N

/" < oo OH

42

(A-22)

(A-23)

(A-24)

(A-25)

(A-26)



US 9,145,425 B2

43
-continued
O ClL
S OH
O
o] k@
N NH S
| = OH
N
A N AN
>< COO

COOH

S
0
HZN—<\ | 0 cl

N | NH S
N it
o N A NI on
o
O 0 0"
HO

| S OH
N
P ¥ 7 OH
i

HO
YCOZH
0
N
H
N N S
( 5 0 cl
HZN% |
0 N N OH
S / \/\N
O H
CoO"
OH
/k(COZH
0
N
H
N N S
0 cl
H2N4</ |
. o Nz N . OH
o
oo

OH

44

(A-27)

(A-28)

(A-29)

(A-30)

(A-31)



US 9,145,425 B2

45 46
-continued
(A-32)
O
(0]
N7
| =
N B > (€] Cl
HZN% |
(6] N NT OH
S / \/\N
0 H
COO”
OH
(A-33)
COH
(0]
N/ (€] Cl
| % S OH
/ )
HZN{ | H
(6] N NT
S “ OH
(6]
COO”
(A-34)
LCO-H
/O OH
| H H
N N, S N o
H2N4</ |
S (6] N Z N (6] Cl
(6]
COO”
(A-35)
S Cl
(6]
HZN—<\ |
N
| (€]
N OH
\/\N
H
IIIIIIII< COO
OH
COOH

or an ester, a protected compound at the amino on the ring acceptable salt, or a solvate thereof according to item 2',
in the 7-side chain, a pharmaceutically acceptable salt, or a wherein D is —NH—, —CH,—NH— or —CH,—CH,—
solvate thereof. NH—.

(Item 2") 33 (Ttem 4)

The compound, or an ester, a protected compound at the The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 1', acceptable salt, or a solvate thereof according to item 2',
wherein 60 Wherein D is a single bond.

G is —C(=0)—; D is a single bond, —NH—, or (Item 5")
—W-—NH— wherein R” is lower alkylene: and E is selected The compound, or an ester, a protected compound at the
from the formulae (1) to (40). amino on the ring in the 7-side chain, a pharmaceutically
(Item 3") acceptable salt, or a solvate thereof according to item 4',
65 P g

The compound, or an ester, a protected compound at the wherein E is a group selected from the formulae (1) to (4), (7),
amino on the ring in the 7-side chain, a pharmaceutically (12) to (25), (27) and (28).
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(Item 6")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 4',
wherein E is a group selected from the formulae (1) to (3), (7)
and (12).

(Item 7")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 1',
wherein G is —C(—O)—; and D is a group of the formula:

[Formula 18]

Z

wherein q is as defined in item 1'.
(Item 8")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to item 1',
wherein G is a 5-membered heterocyclic group; and D is
—CH,— or—CH,—CH,—.

(Item 9")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to &', wherein U is —S—.

(Item 10")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 9', wherein W is —CH,—.

(Item 11")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 10", wherein R? is hydrogen or —OCH;.

(Item 12")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1'to 11', wherein X is —N—,—CH—or—C(—Cl)—.
(Item 13")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 12', wherein a group of the formula:

[Formula 19]
(R
A
[ Low
Y

OH
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is a group of the formula:

[Formula 20]
R4

OH

OH

wherein R* is as defined in item 1'.
(Item 14"

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1'to 13", wherein each R* is independently hydrogen or
halogen.

(Item 15"

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 14", wherein R' is optionally substituted lower
alkyl; and R? is hydrogen.

(Item 16"

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 14', wherein R! is hydrogen; and R? is optionally
substituted lower alkyl.

(Item 17"

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 14', wherein R' and R? are independently lower
alkyl.

(Item 18")

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 17', wherein m is 0.

(Item 19"

A pharmaceutical composition, which comprises a com-
pound, or an ester, a protected compound at the amino on the
ring in the 7-side chain, a pharmaceutically acceptable salt, or
a solvate thereof according to any one of items 1' to 18'".
(Item 20"

The pharmaceutical composition according to item 19',
which possesses an antimicrobial activity.

(Item 21"

A method for treating an infectious disease, characterized
in the step of administering the compound, or, an ester, a
protected compound at the amino on the ring in the 7-side
chain, a pharmaceutically acceptable salt, or a solvate thereof
according to any one of items 1' to 18'.

(Item 22"

The compound, or an ester, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to anyone of
items 1' to 18', for treating an infectious disease.

(Item 23"

Use of the compound, or an ester, a protected compound at
the amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof according to any one of
items 1' to 18', for manufacturing an infectious disease thera-
peutic agent.
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Effects of the Invention

The compounds of the subject invention are useful as a
pharmaceutical product in that the compounds have at least
one of the following features:

1) The compound exhibits broad antimicrobial spectrum
against a variety of bacteria including Gram negative bacte-
ria;

2) the compounds exhibit potent antimicrobial activity
against beta-lactamase producing Gram negative bacteria;

3) the compounds exhibit potent antimicrobial activity
against multi drug resistant bacteria, in particular, Class B
type, metallo-beta-lactamase producing Gram negative bac-
teria;

4) the compounds exhibit potent antimicrobial activity
against extended-spectrum beta-lactamase (ESBL) produc-
ing bacteria;

5) the compounds do not exhibit cross resistance with
known Cephem drugs and/or Carbapenem drugs; and

6) the compounds do not exhibit side effects such as fever
after administration into the body.

7) the compounds are highly soluble in water and suitable
for parenteral injection.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

The respective terms used herein are as defined alone or in
combination with other terms as follows:

“Halogen” includes fluorine, chlorine, bromine and iodine.
Preferably, halogen is fluorine, chlorine and bromine, more
preferably halogen is fluorine and chlorine, and especially
preferably halogen is chlorine’

“Lower alkyl” includes linear or branched alkyl having 1-8
carbons, preferably 1-6 carbons, and more preferably 1-4
carbons, and includes, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
isopentyl, neopentyl, hexyl, isohexyl, n-heptyl, isoheptyl,
n-octyl and the like.

“Lower alkylene” includes linear alkylene having 1-8 car-
bons, preferably 1-6 carbons, more preferably 1-4 carbons,
and most preferably one or two carbons, and includes, for
example, methylene, ethylene, n-propylene, n-butylene,
n-pentylene, n-hexylene and the like.

“Halo(lower)alkyl” refers to a group in which at least one
position of said “lower alkyl” is substituted with the above
“halogen”, and includes, for example, monofluoromethyl,
difluoromethyl, trifluoromethyl, monochloromethyl, dichlo-
romethyl, trichloromethyl, monobromomethyl, monofluoro-
ethyl, monochloroethyl, chlorodifluoromethyl, and the like.
Preferably, halo(lower)alkyl is trifluoromethyl, or trichlo-
romethyl.

Substituent groups for “optionally substituted lower alkyl”
include at least one group selected from Substituent Group
Alpha. When substitution is carried out with a plurality of the
group of Substituent Group Alpha, such groups may be the
same or different. Substituent groups for “optionally substi-
tuted lower alkylene” include optionally substituted lower
alkyl, and at least one group selected from Substituent Group
Alpha. When substitution is carried out with a plurality of
substituent groups, such substituent groups may be the same
or different.

Here, “Substituent Group Alpha” is a group consisting of
halogen, hydroxy, lower alkoxy, hydroxy, (lower) alkoxy,
lower alkoxy(lower)alkoxy, carboxy, amino, acylamino,
lower alkylamino, imino, hydroxyimino, lower alkoxyimino,
lower alkylthio, carbamoyl, lower alkylcarbomoyl, hydroxy
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(lower)alkylcarbamoyl, sulfamoyl, lower alkylsulfamoyl,
lower alkylsulfinyl, cyano, nitro, carbocyclic group, and het-
erocyclic group.

The lower alkyl moiety in “lower alkoxy”, “hydroxy(low-
erjalkoxy”, “lower alkoxy(lower)alkoxy”, “lower alky-
lamino”, “lower alkoxyimino”, “lower alkylthio”, “lower
alkylcarbamoyl”, “hydroxy (lower) alkylcarbamoyl” “lower
alkylsulfamoyl”, and “lower alkylsulfinyl” is as defined
above for “lower alkyl”.

Preferred embodiments of substituent groups for “option-
ally substituted lower alkyl” include fluorine atom, a chlorine
atom, a bromine atom, hydroxy, carboxy, methoxy, ethoxy,
hydroxymethoxy, hydroxyethoxy, methoxymethoxy, meth-
oxyethoxy, amino, acetylamino, methylamino, dimethy-
lamino, imino, hydroxyimino, methoxyimino, methylthio,
carbamoyl, methylcarbamoyl, hydroxymethylcarbamoyl,
sulfamoyl, methylsulfamoyl, lower alkylsulfamoyl, cyano,
nitro, phenyl, cyclopropyl, cyclobutyl, cyclohexyl, pyridyl,
morpholinyl, and the like.

Preferred embodiments of “optionally substituted lower
alkyl” include, methyl, ethyl, isopropyl, tert-butyl, monofluo-
romethyl, difluvoromethyl, triftuoromethyl, carboxymethyl,
carboxyethyl, carbamoylmethyl, carbamoylethyl,
hydroxymethyl, hydroxyethyl, methoxymethyl, ethoxym-
ethyl, methoxyethyl, ethoxyethyl, methylthiomethyl, eth-
ylthiomethyl, benzyl, 4-hydroxybenzyl, 4-methoxybenzyl,
4-carboxybenzyl, and the like.

“Carbocyclic group” includes cycloalkyl, cycloalkenyl,
aryl and non-aromatic fused carbocyclic groups, and the like.
The term includes divalent radical (cycloalkylene, cycloalk-
enylene, arylene), as well as aforementioned monovalent
group.

“Cycloalkyl” is a carbocyclic group having 3-10 carbons,
preferably 3-8 carbons, more preferably 4-8 carbons, and
includes, for example, cyclopropyl, cyclobutyl, cyclopethyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
and the like.

“Cycloalkenyl” includes those having at least one double
bond at any position in a cycloalkyl ring, and specifically
includes, for example, cyclopropenyl, cyclobutenyl, cyclo-
pentenyl, cyclohexenyl, cycloheptynyl, cyclooctynyl, and
cyclohexadienyl, and the like.

“Aryl” includes phenyl, naphthyl, anthryl, phenanthryl,
and the like and in particular, phenyl is preferable.

“Non-aromatic fused carbocyclic group” includes a group
in which two or more cyclic groups selected from the
“cycloalkyl”, “cycloalkenyl,” and “aryl” are fused, and spe-
cifically includes, for example, indanyl, indenyl, tetrahy-
dronaphthyl, and fluorenyl, and the like.

“Heterocyclic group” includes heterocyclic groups having
at least one hetero atom selected from O, S and N, in the ring
thereof, and specifically includes, for example, 5- or 6-mem-
bered heteroaryl such as pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazolyl, triazi-
nyl, tetrazolyl, isoxazolyl, oxazolyl, oxadiazolyl, isothiaz-
olyl, thiazolyl, thiadiazolyl, furyl and thienyl and the like;
bicyclic fused heterocyclic groups such as indolyl, isoindolyl,
indazolyl, indolizinyl, indolinyl, isoindolinyl, quinolyl, iso-
quinolyl, cinnolinyl, phthalazinyl, quinazolinyl, naphthyridi-
nyl, quinoxalinyl, purinyl, pteridinyl, benzopyranyl, benz-
imidazolyl, benzotriazolyl, benzisoxazolyl, benzoxazolyl,
benzoxadiazolyl, benzisothiazolyl, benzothiazolyl, ben-
zothiadiazolyl, benzofuryl, isobenzofuryl, benzothienyl,
benzotriazolyl, imidazopyridyl, pyrazolopyridine, triazol-
opyridyl, imidazothiazolyl, pyrazinopyridazinyl, quinazoli-
nyl, quinolyl, isoquinolyl, naphthyridinyl, dihydrobenzofu-
ryl, tetrahydroquinolyl, tetrahydroisoquinolyl,
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dihydrobenzoxazine, tetrahydrobenzothienyl, and the like;
tricyclic fused heterocyclic group such as carbazolyl, acridi-
nyl, xanthenyl, phenothiadinyl, phenoxathiinyl, phenoxazi-
nyl, dibenzofuryl, imidazoquinolyl and the like; non-aro-
matic heterocyclic group such as dioxanyl, thiiranyl,
oxiranyl, oxathiolanyl, azetidinyl, thianyl, thiazolidine, pyr-
rolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazo-
lidinyl, pyrazolinyl, piperidyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiomorpholino, dihydropyridyl, dihy-
robenzimidazolyl, tetrahydropyridyl, tetrahydrofuryl, tet-
rahydropyranyl, tetrahydrothiazolyl, tetrahydroisothiazolyl,
dihydrooxazinyl, hexahydroazepinyl, tetrahydrodiazepinyl,
and the like. Preferably, heterocyclic group is a 5- or 6-mem-
bered heteroaryl or non-aromatic heterocyclic group, and
more preferably, a 5- or 6-membered heteroaryl.

These include divalent heterocyclic group, as well as afore-
mentioned monovalent heterocyclic group.

Substituent groups for “optionally substituted carbocyclic
group” and “optionally substituted heterocyclic group”
include optionally substituted lower alkyl and at least one
group selected from Substituent Group Alpha.

Preferred embodiments of substituent groups for “option-
ally substituted carbocyclic group” and “optionally substi-
tuted heterocyclic group” include methyl, ethyl, isopropyl,
text-butyl, a fluorine atom, a chlorine atom, a bromine atom,
hydroxy, carboxy, methoxy, ethoxy, hydroxymethoxy,
hydroxyethoxy, methoxymethoxy, methoxyethoxy, amino,
acetylamino, methylamino, dimethylamino, imino, hydroxy-
imino, methoxyimino, methylthio, carbamoyl, methylcar-
bamoyl, hydroxymethylcarbamoyl, sulfamoyl, methylsulfa-
moyl, lower alkylsulfamoyl, cyano, nitro, phenyl,
cyclopropyl, cyclobutyl, cyclohexyl, pyridyl, morpholinyl,
and the like.

“S-membered heterocyclic group” includes pyrrolidine,
pyrazolidine, imidazolidine, tetrahydrofuran, tetrahy-
drothiophene, furan, pyrrole, oxazole, oxadiazole, isoxazole,
and the like.

Examples of the case that “R" and R” taken together with a
neighboring atom may form optionally substituted carbocy-
clic group or optionally substituted heterocyclic group”
include the cases where the following formula:

RY,
RZ

wherein each symbol is as defined in item 1, is cycloalkyl,
cycloalkenyl, or a non-aromatic heterocyclic group for
example, groups of the following formulae:

[Formula 21]

[Formula 22]
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optionally having a substituent group selected from Sub-
stituent Group Alpha on the ring.

In the moiety “E”, “optionally substituted cyclic group
selected from the formulae (1) to (45)” includes groups in
which ahydrogen atom on a carbon atom of each cyclic group
is substituted with one or more groups which are the same or
different and selected from optionally substituted lower alkyl
or Substituent Group Alpha. Preferred embodiments of the
substituent groups include methyl, ethyl, isopropyl, tert-bu-
tyl, a fluorine atom, a chlorine atom, a bromine atom,
hydroxy, carboxy, methoxy, ethoxy, hydroxymethoxy,
hydroxyethoxy, methoxymethoxy, methoxyethoxy, amino,
acetylamino, methylamino, dimethylamino, imino, hydroxy-
imino, methoxyimino, methylthio, carbamoyl, methylcar-
bamoyl, hydroxymethylcarbamoyl, sulfamoyl, methylsulfa-
moyl, lower alkylsulfamoyl, cyano, nitro, phenyl,
cyclopropyl, cyclobutyl, cyclohexyl, pyridyl, morpholinyl,
and the like. More preferred embodiment is non-substitution.

The carboxyl group and/oz hydroxyl group in the com-
pound of the invention may exist as anion wherein proton has
been eliminated (—COO™ group and/or —O~ group).

The amino group in the compound of the invention may
exist as ammonium ion with proton (—NH;" group).

Examples or embodiments for each moiety in Formula (I)
are shown below. However, the scope of the subject invention
is not limited to those described below.

Examples of “X” include —N—, —CH—, —C(—CH,)
—, —C(—CF;)—, —C(—Br)—, —C(—Cl)—, and the like.
Preferably, “X” is —N—, —CH—, and —C(—Cl)—.

In a preferred embodiment, “W” is —CH,—, and “U” is
—CH,—, —S— or —O—. More preferably, “W” is
—CH,—, and “U” is —S8— or —O—. Still more preferably,
“W”is —CH,—, and “U” is —S—.

Examples of “R' and R*’ include a hydrogen atom, a
fluorine atom, a chlorine atom, hydroxy, carboxy, methyl,
ethyl, isopropyl, tert-butyl, monofiuoromethyl, difluorom-
ethyl, trifluoromethyl, carboxymethyl, carboxyethyl, car-
bamoylmethyl, carbamoylethyl, hydroxymethyl, hydroxy-
ethyl, methoxymethyl, ethoxymethyl, methoxyethyl,
ethoxyethyl, methylthiomethyl, ethylthiomethyl, benzyl,
4-hydroxybenzyl, 4-methoxybenzyl, 4-carboxybenzyl, phe-
nyl, naphthyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazolyl, triazinyl, tetrazolyl, isox-
azolyl, oxazolyl, oxadiazolyl, isothiazolyl, thiazolyl, thiadia-
zolyl, furyl, thienyl, and the like.

Preferred combinations of R! and R? include, as (R', R?),
(hydrogen atom, hydrogen atom), (methyl, hydrogen atom),
(hydrogen atom, methyl), (methyl, methyl), (ethyl, hydrogen
atom), (hydrogen atom, ethyl), (ethyl, ethyl), (phenyl, hydro-
gen atom), (hydrogen atom, phenyl), (carboxymethyl, hydro-
gen atom), (hydrogen atom, carboxymethyl), (carboxyethyl,
hydrogen atom), (hydrogen atom, carboxyethyl), (hydroxy-
ethyl, hydrogen atom), (hydrogen atom, hydroxylethyl) (car-
bamoylmethyl, hydrogen atom), (hydrogen atom, carbam-
oylmethyl) (trifluoromethyl, hydrogen atom), (carboxy,
hydrogen atom), (carbamoylethyl, hydrogen atom), (benzyl,
hydrogen atom), (4-hydroxybenzyl, hydrogen atom), (cya-
nomethyl, a hydrogen atom) and the like. More preferred
combinations are (hydrogen atom, hydrogen atom), (methyl,
methyl), (carboxymethyl, hydrogen atom).

Preferred embodiments of the case where “R* and R* taken
together with a neighboring atom may form optionally sub-
stituted carbocyclic group, or optionally substituted hetero-
cyclic group” include optionally substituted 3- to 8-mem-
bered cycloalkyl, optionally substituted 3- to 8-membered
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cycloalkenyl, or 3- to 8-membered non-aromatic heterocyclic
groups. More preferred embodiments include the case where
the following formula:

[Formula 23]
RY,
RZ
wherein each symbol is as defined in item 1,
is any one of the following formulae:
[Formula 24]

oy Oy O

Examples of “Q” include a single bond, phenyl, pyridil.
Especially preferable is a single bond.

[T L)

'm” is preferable be integer number of 0 or 1, and espe-
cially preferable is O.

“R>” is preferable to be a hydrogen atom, or —OCHS,.
Especially preferable is a hydrogen atom.

The preferable of the formula:

[Formula 9]
R
\/\W
)—OH
P o
OH
are the formula:
[Formula 26]
R4
OH
OH
OH
OH R
OH
R* OH

wherein R* is as defined in item 1.
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More preferable is

[Formula 27]
R4

OH

OH

Examples of “R*’ include a hydrogen atom, a chlorine
atom, a fluorine atom, a bromine atom, cyano, hydroxy,
acetyl, methoxy, ethoxy, trifluoromethyl, methyl, and the
like. Preferably, R* is a hydrogen atom, a chlorine atom, a
fluorine atom, hydroxyl, methoxy, or methyl. More prefer-
ably, R* is a hydrogen atom, a chlorine atom, or a fluorine
atom. Especially preferable is a hydrogen atom, or a chlorine
atom

“K” is preferable to be 1 or 2, and especially preferable is
1.

Examples of “-E-D-G-" include the following formulae
(1A)-(46A):

[Formula 28]

1a)

S
K
Loy
7
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wherein p is an integer from 1 to 3; n is an integer of 1 or and
R is optionally substituted lower alkyl.

Here, examples of Rx include methyl, ethyl, trifluorom-
ethyl, carboxymethyl, carbamoylmethyl, hydroxyethyl, and
the like.

Preferred embodiments of “E-D-G” include the following
formulae (1B)-(48E):

[Formula 31]
(1B)

S

K
ol
N4
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[Formula 33]
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Still more preferred embodiments of “-E-D-G-" include
the following formulae:

@1B)

[Formula 34]

40
(42B)

45

(43B)
50

55

(44B)

(1B)

(2B)

(3B)

(4B)



67

-continued

T

(B)

(6B)

7B)

(8B)

(10B)

(11B)

(12B)

(25B)

US 9,145,425 B2

68
-continued
(26B)
H
X
5
I|\I+ 0
CH;
10 (27B)
0
N+
15 |
ﬁv7I§CH3
(28B)
0
20
N
I
CH,
25
(29B)
H
X
30 1|\1+ o
CH;
(1B)
IS{W
o
40 31B)

G5

Still especially preferred embodiments of “E-D-G” include
50 the following formulae:

[Formula 35]
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(26B)
N
Il\l+ 0
CH;

The nomenclature of the substitution position on the
Cephem skeleton of Formula (I) is as follows. As used herein,
7-side chain and 3-side chain refer to groups binding to the
7-position and the 3-position of the Cephem skeleton as
shown below, respectively.

[Formula 36]
H R}
N U
6
> \W 2
8 3
N
5 /
(o) 4
CcoOr

Esters of Formula (I) preferably include those esters at the
carboxyl on the 7-side chain and/or at the 4-position. Esters at
the carboxyl group on the 7-side chain refer to compounds
having a structure in which the carboxyl group at the terminal
of the oxime group is esterified as shown in the formula:

[Formula 37]

COOR?

wherein each symbol is as defined in Item 1 and R” represents
an ester residue such as a carboxyl-protecting group. Such
esters include those esters that are readily metabolized in the
body to form a carboxylic state.

Esters at the carboxyl group at the 4-position of Formula (I)
refer to compounds having a structure in which the carboxyl
group at the 4-position of the cephem skeleton is esterified as
shown in the formula:

[Formula 38]
R3
H
N U
w
N P
O
COOR?

w
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wherein each symbol is as defined in Item 1 and R is an ester
residue such as a carboxyl-protecting group. Such esters
include those esters that are easily metabolized in the body to
form a carboxylic state.

The aforementioned carboxyl-protecting group may be of
any group as long as it can be used for protection and/or
deprotection by a method such as described in Protective
Groups in Organic Synthesis, Theodora W Green (John Wiley
& Sons) and for examples include lower alkyl (e.g., methyl,
ethyl, t-butyl), lower alkylcarbonyloxymethyl (e.g., piv-
aloyl), optionally substituted aralkyl (e.g., benzyl, benzhy-
dryl, phenethyl, p-methoxybenzyl, p-nitrobenzyl), silyl
groups (t-butyldimethylsilyl, diphenyl(t-butyl)silyl), and the
like.

A compound protected at the amino on the 7-side chain of
Formula (I) refers to a structure in which the amino on the ring
has been protected, as shown in the formula:

[Formula 39]

S\
¢
N

COOH

wherein each symbol is as defined in Item 1, and R“represents
an amino-protecting group. Such amino-protecting groups
include those groups that are readily metabolized in the body
to form amino. The aforementioned amino-protecting group
may be of any group as long as it can be used for protection
and/or deprotection by a method such as described in Protec-
tive Groups in Organic Synthesis, Theodora W Green (John
Wiley & Sons) and for examples include lower alkoxycarbo-
nyl (e.g. t-butoxycarbonyl, benzyloxycarbonyl, p-nitroben-
zyloxycarbonyl), optionally substituted aralkanoyl (e.g., ben-
zoyl, p-nitrobenzoyl), acyl (e.g., formyl, chloroacetyl), and
the like.

Salts of Formula (I) include those formed with a counter
cation (s) after the hydrogen atom (s) of the carboxyl group at
the 4-position, the carboxyl group at the 7-position side chain,
and/or the hydroxyl group on the catechol group is dissoci-
ated; those formed by the amino group in the 7-position side
chain with an inorganic or organic acid; and those formed by
the quaternary amine moiety in the 3-side chain with a
counter anion.

Pharmaceutically acceptable salts of Formula (I) include,
for example, salts or intramolecular salts formed with inor-
ganic base, ammonia, organic base, inorganic acid, organic
acid, basic amino acid, halogen ions, and the like. Such inor-
ganic bases include, for example, alkali metal (Na, K, etc.)
and alkali earth metal (Mg, etc.). Organic bases include, for
example, procaine, 2-phenylethylbenzyl amine, dibenzyleth-
ylenediamine, ethanolamine, diethanolamine, trishydroxym-
ethylaminomethane, polyhydroxyalkylamine, O-methyl glu-
cosamine, and the like. Inorganic acids include, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like. Organic acids include, for
example, p-toluene sulfonic acid, methane sulfonic acid, for-
mic acid, acetic acid, trifluoroacetic acid, maleic acid and the
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like. Basic amino acids include, for example, lysine, arginine,
ornithine, histidine, and the like.
As used herein, “solvate” refers to a solvate with water or

organic solvent (for example, methanol, ethanol, isopropyl
alcohol, acetone), and preferably a hydrate.

The Compound (I) of the subject invention is not limited to
particular isomers, but includes any possible isomers and
racemates as exemplified below:

For example, the formula in Formula (I)

[Formula 40]

H 3

N i U

~
w
N /
O
Ccoo”

(wherein each symbol is as defined in Item 1) includes

[Formula 41]

H 3
N U
~
W
N A
o
Coor and

(wherein each symbol is as defined in item 1).

For example, the formula in Formula (I) includes:

[Formula 42]
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-continued

@}z Y
E{N;NH — =\

22)

(23)
e s
N N*
SO T O
(@] (0]
(32)

(41)

(wherein each symbol is as defined in item 1).

The compounds represented by Formula (I) of the subject
invention can be manufactured, for example, by a general
synthesis method described below.
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[Formula 43]
(0]
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K COOR? K/ coo®
\
COOR? COOoH
X

(wherein X, U, R% R, R are as defined above, P~ is a counter
anion of a quaternary amine,

K represents the formula:

[Formula 44]

(wherein each symbol is as defined above);

the formula:

50
[Formula 45]

)

is the following moiety in Formula (I) including a quaternary
ammonium group moiety of 3-side chain:

55

60 [Formula 46]

65

(wherein each symbol is defined as above);
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LG andY are leaving groups (for example, hydroxy, halo-
gen (Cl, Br, 1), carbamoyloxy, acyloxy, methanesulfonyloxy,
toluenesulfonyloxy that may be substituted, etc.);

R? is hydrogen or a carboxy protecting group; and

R? is hydrogen or an amino protecting group.)

1) Starting Materials for the 7-Side Chain: Synthesis of
Compound (VI)

The First Step:

Compound (III) is obtained by a reaction with N-hydrox-
yphthalimide in the presence of Compound (II) (LG is
hydroxy) and a Mitsunobu reagent, or in the presence of
Compound (II) (LG is another leaving group) and a base
(such as sodium hydroxide, sodium methoxide). The amount
of N-hydroxyphthalimide used is generally 1-5 molar equiva-
lents, preferably, 1-2 molar equivalents, relative to Com-
pound (II)

Examples of reaction solvents include ethers (e.g., diox-
ane, tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), halogenated hydrocarbons (e.g., dichlo-
romethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene), amides (e.g., formamide,
N,N-dimethylformamide, N,N-dimethylacetamide, N-meth-
ylpyrrolidone), and the like, and mixed solvents and the like
thereof.

The reaction temperature is in a range of, genera y, about
-50 to 100° C., preferably about —-40 to 50° C., and more
preferably about -30 to 0° C.

The Second Step:

N-Methylhydrazine or hydrazine was added and reacted to
Compound (III) to provide Compound (IV).

The amount of N-methylhydrazine or hydrazine used is in
arange of about 1-10 molar equivalents, preferably 1-5 molar
equivalents, more preferably 1-2 molar equivalents, relative
to Compound (III). Examples of reaction solvents include
ethers (e.g., dioxane, tetrahydrofuran, diethyl ether, tert-butyl
methyl ether, diisopropyl ether), esters (e.g., ethyl formate,
ethyl acetate, isopropylacetate), halogenated hydrocarbons
(e.g., dichloromethane, chloroform, carbon tetrachloride),
hydrocarbons (e.g., n-hexane, benzene, toluene), alcohols
(e.g., methanol, ethanol, isopropanol), amides (e.g., forma-
mide, N,N-d*methylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl
ketone), nitriles (e.g., MeCN, propionitrile), dimethylsulfox-
ide, water, and the like, and mixed solvents thereof. The
reaction temperature is in a range of, generally, about 0 to
100° C., preferably about 0 to 50° C., more preferably about
10 to 30° C.

The Third Step:

Compound (V), which is commercially available or
obtained by a known method, is added and reacted with
Compound (IV) to provide Compound (VI). (e.g., as
described in Bioorganic & Medicinal Chemistry, vol. 15, p.
6716-6732 (2007)).

Compound (IIT) is added and reacted with N-Methylhydra-
zine or hydrazine to provide Compound (IV).

Examples of reaction solvents include ethers (e.g., diox-
ane, tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropylacetate), halogenated hydrocarbons (e.g., dichlo-
romethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g. n-hexane, benzene, toluene), alcohols (e.g., methanol,
ethanol, isopropanol), amides (e.g., formamide, N,N-dimeth-
ylformamide, N,N-dimethylacetamide, N-methylpyrroli-
done), ketones (e.g., acetone, methyl ethyl ketone), nitriles
(e.g., MeCN, propionitrile), dimethylsulfoxide, water and the
like, and mixed solvents thereof. The reaction temperature is
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in a range of, generally, about 0 to 100° C., preferably about
0 to 50° C., more preferably about 10 to 30° C.

2) 7-Amidation and Formation of the 3-Side Chain; Syn-
thesis of Compound (X)

The Fourth Step (7-Amidation Reaction):

Compound (IX) is obtained by reacting Compound (VI)
with Compound (VII), which are commercially available or
synthesized according to methods described in a document
(e.g., JP 60-231689 A, JP 62-149682 A, etc.). In this case,
preferably, R and R? are carboxy protecting groups, R¢ is an
amino protecting group, and R? and R are hydrogen. The
amount of Compound (VI) used is in a range of, generally,
about 1-5 moles, preferably 1-2 moles, relative to 1 mole of
Compound (VII). Examples of reaction solvents include
ethers (e.g., dioxane, tetrahydrofuran, diethyl ether, tert-butyl
methyl ether, diisopropyl ether), esters (e.g., ethyl formate,
ethyl acetate, isopropyl acetate), halogenated hydrocarbons
(e.g., dichloromethane, chloroform, carbon tetrachloride),
hydrocarbons (e.g., n-hexane, benzene, toluene), amides
(e.g., formamide, N,N-dimethylformamide, N,N-dimethy-
lacetamide, N-methylpyrrolidone), ketones (e.g., acetone,
methyl ethyl ketone), nitriles MeCN, propionitrile), dimeth-
ylsulfoxide, water, and the like, and mixed solvents and the
like thereof.

The reaction temperature is in a range of, generally, about
-40to 80° C., preferably about -20 to 50° C., more preferably
about -10 to 30° C.

The above-described amidation reaction may be carried
out after a carboxy moiety is converted to a reactive derivative
(e.g., inorganic base salt, organic base salt, acid halide, acid
azide, acid anhydride, mixed acid anhydride, active amide,
active ester, and active thioester). Examples of such inorganic
bases include alkali metal (e.g., Na, K, etc.), alkali earth metal
(e.g., Ca, Mg), and the like. Examples of organic bases
include trimethylamine, triethylamine, tert-butyldimethy-
lamine, dibenzylmethylamine, benzyldimethylamine, N-me-
thylmorpholine, diisopropylethylamine, and the like.
Examples of acid halides include acid chlorides, acid bro-
mides, and the like. Examples of mixed acid anhydrides
include mixed acid anhydrides of mono-alkyl carbonates,
mixed acid anhydrides of aliphatic carboxylic acid, mixed
acid anhydrides of aromatic carboxylic acid, mixed acid
anhydrides of organic sulfonic acid, and the like. Examples of
active amides include amides with nitrogen-containing het-
erocyclic compound, and the like. Examples of active esters
include organic phosphoric esters (e.g., diethoxyphosphoric
ester, diphenoxyphosphoric ester, and the like), p-nitrophenyl
ester, 2,4-dinitrophenyl ester, cyanomethyl ester, and the like.
Examples of active thioesters include esters with aromatic
heterocyclic thiol compound 2-pyridylthiol esters), and the
like. Furthermore, in the above-described reaction, a suitable
condensing agent may be used as desired. For example,
hydrochloric acid salt of 1-dimethylaminopropyl-3-ethylcar-
bodiimide (WSCD.HCI), N,N'-dicyclohexylcarbodiimide,
N,N'-carbonyldiimidazole, N,N'-thiocarbonyldiimidazole,
N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline,  phos-
phorus oxychloride, alkoxyacetylene, 2-chloromethyipyri-
dinium iodide, 2-fluoromethylpyridinium iodide, trifluoio-
aceticanhydride, and the like can be used as a condensing
agent.

The Fifth Step (3-Side Chain Forming Reaction):

Compound (X) is obtained by reacting Compound (IX) and
a corresponding tertiary amine. In this case, preferably, R*
and R? are carboxy protecting groups, and R° is an amino
protecting group.
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The amount of a corresponding tertiary amine used is in a
range of, generally, 1-5 moles, preferably 1-2 moles, relative
to 1 mole of Compound (IX).

Examples of reaction solvents include ethers (e.g., diox-
ane, tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons (e.g., dichlo-
romethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene), amides (e.g., formamide,
N,N-dimethylformamide, N,N-dimethylacetamide, N-meth-
ylpyrrolidone), ketones (e.g., acetone, methylethyl ketone),
nitriles (e.g., MeCN, propionitrile), dimethylsulfoxide,
water, and the like, and mixed solvents thereof. The reaction
temperature is in a range of, generally, —20 to 60° C., prefer-
ably =10 t0 4.0° C., more preferably 0 to 20° C. Furthermore,
Compound (x) wherein U is SO can be obtained by reducing
Compound (X) wherein U is SO. Examples of reducing
agents include potassium iodide—acetyl chloride, and the
like.

3) 3-Side Chain Formation and 7-Amidation; Synthesis of
Compound (X)

The Sixth Step (3-Side Chain Forming Reaction):

Compound (VIII) is obtained by reacting Compound (VII)
with a corresponding tertiary amine. In this case, preferably,
R? is a carboxy protecting group, and R® is an amino protect-
ing group. The amount of a corresponding tertiary amine used
is in a range of, generally, 1-5 moles, preferably 1-2 moles,
relative to 1 mole of Compound (VII).

Examples of reaction solvents include ethers (e.g., diox-
ane, tetrahydrofuran, diethyl ether, tert-butyl methyl ether,
diisopropyl ether), esters (e.g., ethyl formate, ethyl acetate,
isopropyl acetate), halogenated hydrocarbons (e.g., dichlo-
romethane, chloroform, carbon tetrachloride), hydrocarbons
(e.g., n-hexane, benzene, toluene), amides (e.g., formamide,
N,N-dimethylformamide, N,N-dimethylacetamide, N-meth-
ylpyrrolidone), ketones (e.g., acetone, methyl ethyl ketone),
nitriles (e.g., MeCN, propionitrile), dimethylsulfoxide,
water, and the like, and mixed solvents thereof. The reaction
temperature is in a range of, generally, —20 to 60° C., prefer-
ably —10 to 4° C., more preferably 0 to 20° C.

Both tertiary amine moieties used in the 3-side chain form-
ing reactions of the fifth and the sixth steps (corresponding to
the moiety E in item 1) can be obtained as a commercially
available reagent, by a known method, and/or by a method
described herein.

The Seventh Step (7-Amidation Reaction):

Compound (X) is obtained by reacting Compound (VIII)
and Compound (VI). In this case, preferably, R* and R are
carboxy protecting groups, R° is an amino protecting group,
R“and R® are hydrogen. The amount of Compound (VI) used
is in a range of, generally, about 1-5 moles, preferably 1-2
moles, relative to 1 mole of Compound (VIII). Examples of
reaction solvents include ethers (e.g., dioxane, tetrahydrofu-
ran, diethyl ether, tert-butyl methyl ether, diisopropyl ether),
esters (e.g., ethyl formate, ethyl acetate, isopropyl acetate),
halogenated hydrocarbons (e.g., dichloromethane, chloro-
form, carbon tetrachloride), hydrocarbons (e.g., n-hexane,
benzene, toluene), amides (e.g., formamide, N,N-dimethyl-
formamide, N,N-dimethylacetamide, N-methylpyrrolidone),
ketones (e.g., acetone, methyl ethyl ketone), nitriles (e.g.,
MeCN, propionitrile), dimethylsulfoxide, water, and the like,
and mixed solvents thereof. The reaction temperature is in a
range of, generally, about —40 to 80° C., preferably about -20
to 50° C., more preferably about —-10 to 30° C.

The above-described amidation reaction may be carried
out after a carboxyl moiety is converted to a reactive deriva-
tive (e.g., inorganic base salt, organic base salt, acid halide,
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acid azide, acid anhydride, mixed acid anhydride, active
amide, active ester, and active thioester). Examples of such
inorganic bases include alkali metal (e.g., Na, K, etc.), alkali
earth metal (e.g., Ca, Mg), and the like. Examples of organic
bases include trimethylamine, triethylamine, tert-butvidim-
ethylamine, dibenzylmethylamine, benzyldimethylamine,
N-methylmorpholine, diisopropylethylamine, and the like.
Examples of acid halides include acid chlorides, acid bro-
mides, and the like. Examples of mixed acid anhydrides
include mixed acid anhydrides of mono-alkyl carbonate,
mixed acid anhydrides of aliphatic carboxylic acid, mixed
acid anhydrides of aromatic carboxylic acid, mixed acid
anhydrides of organic sulfonic acid, and the like. Examples of
active amides include amides with nitrogen-containing het-
erocyclic compound, and the like. Examples of active esters
include organic phosphoric esters (e.g., diethoxyphosphoric
ester, diphenoxyphosphoric ester, and the like), p-nitrophenyl
ester, 2,4-dinitrophenyl ester, cyanomethyl ester, and the like.
Examples of active thioesters include esters with aromatic
heterocyclic thiol compound (e.g., 2-pyridylthiol esters), and
the like. Examples of active thioesters include esters with
aromatic heterocyclic thiol compound (e.g., 2-pyridythiol
esters), and the like. Furthermore, in the above-described
reaction, a suitable condensing agent may be used as desired.
For example, hydrochloric acid salt of 1-dimethylaminopro-
pyl-3-ethylcarbodlimide (WSCD.HCI), NN'-dicyclohexyl-
carbodiimide, N,N'-carbonyldiimidazole, N,N'-thiocarbon-
yldiimiciazole, N-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline, phosphorus oxychloride, alkoxyacetylene,
2-chloromethylpyridinium iodide, 2-fluoromethylpyridiniu-
miodide, t-difluoroacetic anhydride, and the like can be used
as a condensing agent.

Furthermore, Compound (X) wherein U is 0 can be
obtained using Compound (VII) wherein U is O.

4) Deprotection Reaction
The Eighth Step:

Compound (I) is obtained by subjecting Compound (X) to
a deprotection reaction according to a method well known to
those skilled in the art.

Examples of reaction solvents include ethers (e.g., anisole,
dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl
ether, diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, n-butyl acetate), halogenated hydrocarbons (e.g.,
dichloromethane, chloroform, carbon tetrachloride), hydro-
carbons (e.g., n-hexane, benzene, toluene), amides (e.g., for-
mamide, N,N-dimethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl
ketone), nitriles MeCN, propionitrile), nitros (e.g.,
nitromethane, nitroethane, nitrobenzene), dimethylsulfoxide,
water, and the like. These solvents may be used alone or in a
combination using two or more of such solvents. The reaction
temperature is in a range of, generally, about -30to 100° C.,
preferably about 0 to 50° C., more preferably about 0 to 10° C.
As a catalyst, Lewis acid (e.g., AlCl;, SnCl,, TiCl,), protonic
acid (e.g., HCI, HBr, H,SO,, HCOOH), and the like can be
used. The obtained Compound (I) is further chemically modi-
fied to obtain an ester, or a compound wherein the amino on
the thiazole ring at the 7-position is protected, or a pharma-
ceutically acceptable salt, or a solvate thereof.

The compounds of the subject invention have a wide anti-
microbial activity spectrum, and may be used for the preven-
tion or treatment of a variety of diseases caused by pathogenic
bacteria in mammals including humans, for example, airway
infectious diseases, urinary system infectious diseases, res-
piratory system infectious diseases, sepsis, nephritis, chole-
cystitis, oral cavity infectious diseases, endocarditis, pneu-



US 9,145,425 B2

79

monia, bone marrow membrane myelitis, otitis media,
enteritis, empyema, wound infectious diseases, opportunistic
infection and the like.

The compounds of the subject invention exhibit high anti-
microbial activity in particular against Gram negative bacte-
ria, preferably, Gram negative bacteria of enterobacteria (.
coli, Klebsiella, Serratia, Enterobacter, Citrobacter, Mor-
ganella, Providencia, Proteus and the like), Gram negative
bacteria colonized in respiratory system (Haemophilus,
Moraxella and the like), and Gram negative bacteria of glu-
cose  non-fermentable  (Pseudomonas  aeruginosa,
Pseudomonas other than P. aeruginosa, Stenotrophomonas,
Burkholderia, Acinetobacter and the like). The compounds
are stable against beta-lactamase Class A, B, C and D which
are produced by these Gram negative bacteria, and have high
antimicrobial activity against a variety of beta-lactam drug
resistant Gram negative bacteria, such as ESBL producing
bacteria and the like. These are extremely stable against met-
allo-beta-lactamase belonging to Class B including in par-
ticular IMP type, VIM type, L-1 type and the like, and thus,
these are effective against Gram negative bacteria resistant to
a variety of beta-lactam drug including Cephem and Carbap-
enem. Still more preferable compounds have features regard-
ing kinetics in the body, such as high blood concentration,
long duration of effects, and/or significant tissue migration.
More preferable compounds are safe in terms of side effects.
Also, more preferable compounds have high water solubility,
and thus particularly suitable for injectable formulations.

Compounds (I) may be administered parenterally or orally
as injectable formulations, capsules, tablets, and granules,
and preferably, administered as an injectable formulation.
The dosage may usually be about 0.1 to 100 mg/day, prefer-
ably, about 0.5 to 50 mg/day, per 1 kg of body weight of a
patient or animal, and optionally be divided into 2 to 4 times
per day. The carriers for use in injectable formulation may be,
for example, distilled water, saline and the like, and further
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bases may be used for pH adjustment. The carriers for used in
capsules, granules or tablets, carriers include known excipi-
ents (for example, starch, lactose, sucrose, calcium carbonate,
calcium phosphate and the like), binders (for example, starch,
acacia gum, carboxymethyl cellulose, hydroxypropyl cellu-
lose, crystalline cellulose, and the like), lubricants (for
example, magnesium stearate, talc and the like), and the like.

EXAMPLES

Hereinafter, the subject invention is described in more
detail with working examples and experimental examples.
However, the subject invention is not limited to them.

In the Examples, the meaning of each abbreviation is as
described below.

ODS: Octadodecylsilyl

MeCN: Acetonitrile

WSCD.HCI: Hydrochloric acid salt of

N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide

Me; Methyl
Et: Ethyl
Pr: Propyl
Ph: Phenyl
PMB: para-Methoxybenzyl
t-Bu: tert-Butyl
i-Pr: Isopropyl
Boc: tert-Butoxycarbonyl
BH: Benzhydryl
Ms: Methanesulfonyl
Trityl
TES: tert-Butyldimethylsilyl
Bn: Benzyl
Example 1
Synthesis of Compound (I-1)
[Formula 47]
Cl cl
Cl
~x OPMB ﬁ(\
H _° .
OPMB
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Step (1): Compound 1la—Compound 1b

Compound la (5.26 g, 10 mmol) was suspended N,N-
dimethylformamide (50 mL). Hydrazine monohydrate (0.73
ml, 15 mmol) was added thereto with stirring, and then
stirred at room temperature for 14 hours. Water was added to
the reaction solution, the resulting solid was filtrated, washed
with isopropanol, then diisopropyl ether, and then dried in
vacuo to yield Compound 1b (4.03 g, 91%>.

'H-NMR (DMSO-dy) 8: 9.42 (1H, brs), 7.43 (2H, d, ]=8.5
Hz),7.31 (2H,d,J=8.5Hz),7.17 (1H, d, ]=8.5Hz), 7.09 (1H,
d, 8.2 Hz), 6.97 (2H, d, J=8.4 Hz), 6.87 (2H, J=8.4 Hz), 5.14
(2H, s),4.88 (2H, 5), 4.43 (2H, brs), 3.77 (3H, 5), 3.75 (3H, 5).

MS: 443.24 (M+H).

Step (2): Compound 1b—Compound 1c

Compound 1b (5 g, 11.3 mmol) was dissolved in N,N-
dimethylformamide (50 mL). Sodium hydrogen carbonate
(1.14 g, 13.6 mmol) followed by chloroacetyl chloride (1.09
ml, 13.6 mmol) were added thereto, and then stirred at room
temperature for 45 minutes. Ethyl acetate and water were
added to the reaction solution, and then the organic layer was
separated. The organic layer was washed with water, and then
concentrated in vacuo. After water was added to the resulting
residue, the resulting solid was filtered, washed with water,
then isopropanol, and then dried in vacuo to yield Compound
lc (5.61 g, 96%).

'H-NMR (DMSO-dy) 8: 10.43 (1H, brs), 10.34 (1H, brs),
7.44 (2H, d,J=8.5Hz),7.30 (2H, d, J=8.5Hz), 7.26-7.19 (2H,
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m), 6.98 (2H, d, J=8.5 Hz), 6.86 (2H, d, J=8.5 Hz), 5.16 (2H,
s), 4.89 2H, s), 4.17 (2H, s), 3.77 (3H, s), 3.75 (3H, s).
Step (3): Compound 1c—=Compound 1d

Compound 1c (4.8 g, 9.24 mmol) was suspended in diox-
ane (75 mL). While stirring at 120° C., Burgess reagent (6.61
g, 27.7 mmol) was added and then stirred at the same tem-
perature for 40 minutes. After the temperature in the reaction
solution was cooled to room temperature, the solvent was
evaporated in vacuo. Ethyl acetate and water were added
thereto, and then the organic layer was separated. The organic
layer was washed with water, then saturated brine, and then
dried with anhydrous magnesium sulfate. Magnesium sulfate
was removed by filtration, followed by concentration in
vacuo. The resulting solid was filtered. The filtered residue
was washed with water, isopropanol, then diisopropyl ether,
and then dried in vacuo to yield Compound 1d (3.86 g, 78%)
as a solid.

MS: 501.18 (M+H)

'"H-NMR (CDCl,) &: 7.66 (1H, d, ]=8.7 Hz), 7.35 (4H, dd,
J=8.4,5.2Hz),6.99 (1H, d, J=8.8 Hz), 6.93 (2H, d, J=8.5 Hz),
6.83 (2H,d, I=8.5Hz), 5.12 (1H, 5),4.99 (2H, 5),4.01 (2H, 5),
3.84 (3H, s), 3.80 (3H, s), 2.74-2.70 (4H, m), 1.87-1.82 (4H,
m).

Step (4): Compound 1d—=Compound le

Compound 1d (3.8 g, 7.58 mmol) was dissolved in N,N-

dimethylformamide (40 mL), and than potassium carbonate
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(1.57 g, 11.4 mmol) and pyrrolidine (0.69 mL, 8.34 mmol)
were added in turn thereto, subsequently stirring at room
temperature for one hour. Pyrrolidine (0.19 mL, 2.27 mmol)
was further added, and then stirred at room temperature for 30
minutes. Ethyl acetate and water were added, and then the
organic layer was separated. The organic layer was washed
with water, then saturated brine, and then concentrated in
vacuo. Isopropanol was then added to the resulting residue.
The resulting solid was filtered, and then washed with isopro-
panol and diisopropyl ether. This solid was recrystallized by
methylene chloride isopropanol, and then dried in vacuo to
yield Compound le (2.77 g, 68%) as a crystalline solid.

MS: 536.20 (M+H).

'H-NMR (CDCl,) 8: 7.66 (1H, d, 1=8.7 Hz), 7.35 (4H, dd,
J=8.5,53Hz),6.99(1H, d,J=8.8 Hz), 6.93 (2H, d, J=8.5 Hz),
6.33 (2H, d, 8.4 Hz), 5.12 (2H, s), 4.99 (2H, 5), 4.01 (2H, s),
3.84 (3H, s), 3.80 (3H, s), 2.76-2.70 (4H, m), 1.82-1.87 (4H,
m).

Step (5): Compound 1f+Compound le—Compound 1g

In a water bath, Compound 1f (842 mg, 1.0 mmol) was
dissolved in N,N-dimethylacetamide (5 mL). After degasifi-
cation, Compound le (536 mg, 1.0 mmol) followed by
sodium iodide (540 mg, 3.6 mmol) were added thereto, and
then stirred at room temperature for 2 hours and 30 minutes.
N,N-dimethylformamide (8 mL) was added to the reaction
solution, and then while stirring under ice-cooling, potassium
iodide (1.33 g, 8 mmol) followed by acetyl chloride (0.43 mL,
6 mmol) were added thereto, and then stirred at the same
temperature for one hour. Ethyl acetate was added to the
reaction solution to dilute it, washed with aqueous 10%
sodium hydrogen sulfite solution, then water, and then dried
with anhydrous magnesium sulfate. Magnesium sulfate was
then removed by filtration. Concentrating in vacuo yielded
Compound 1g (1.42 g).

MS: 1327.08 (M+H).
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Step (6): Compound 1g—Compound (I-1)

The above-described crude Compound 1g (1.42 g) was
dissolved in methylene chloride (12 mL.) and anisole (1.09
ml, 10 mmol), and then cooled to -40° C. 2 mmol/L-alumi-
num chloride/nitromethane solution (5.0 mL, 10 mmol) was
added, and then stirred under ice-cooling for one hour. The
reaction solution was dissolved in 1 N of aqueous hydrochlo-
ric acid solution, and acetonitrile, and then washed with diiso-
propyl ether. HP-20SS resin was added to the aqueous layer,
concentrated, and then subjected to ODS column chromatog-
raphy, eluting with aqueous hydrochloric acid solution
(pH=2)-acetonitrile. HP-20SS resin was added again to frac-
tions containing the desired compound, concentrated, and
then subjected to HP-20SS column followed by eluting with
water-acetonitrile. Aqueous 0.2 N solution of sodium hydrox-
ide was added to fractions containing the desired compound
to adjust them to pH=06, and thereby a sodium salt thereof was
formed. Concentrating in vacuo and subsequent lyophiliza-
tion yielded Compound (164.5 mg, 21%) as a powder.

MS: 763.41 (M+H).

'H-NMR (D,0) &: 7.31 (1H, d, J=8.2 Hz), 6.92 (1H, s),
6.84 (1H, d, I=8.2 Hz), 5.86 (1H, d, J=5.1 Hz), 5.35 (1H, d,
J=5.1Hz), 5.10 (2H, q, J=14.8 Hz), 4.83 (1H, d, J=14.3 Hz),
439 (1H, d, J=14.3 Hz), 3.96-3.88 (5H, m), 3.59 (1H, d,
J=17.0 Hz), 2.34-2.30 (4H, m), 1.51 (6H, s).

Elemental analysis for C;,H;,CIN O, ,S,Na.4.8(H,0).0.1
(NaHCO,)

Caled.: C,41.08; H, 4.55; N, 12.73; S, 7.29; Cl, 4.03; Na,
2.87(%).

Found.: C, 41.16; H, 4.59; N, 12.56; S, 7.27; C1, 3.84; Na,
2.87(%).

Example 2

Synthesis of Compound (I-2)

[Formula 48]
NH,
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step (1): Compound 2a—Compound 2b

To Compound 2a (5.25 g, 31 mmol), which was synthe-
sized as described in Tet. Lett. 1991, 32, 1245, water was
added (35 mL), and the heated at reflux for 8 hours. The
reaction solution was cooled to room temperature followed
by concentration in vacuo, and then a mixed solution of
isopropanol/diisopropyl ether was added to the resulting resi-
due. The resulting solid was filtrated, and then dried in vacuo g
to yield Compound 2b (3.91 g, 99%).

MS: 142.16 (M+H).

'"H-NMR (CD,0D) &: 3.56-3.46 (2H, m), 3.35-3.25 (4H,
m), 2.35-2.23 (2H, m), 1.94-2.02 (2H, m).
step (2): Compound 2b—Compound 2¢

To Compound 2b (1.41 g, 10 mmol), thionyl chloride (15
ml.) was added, and then heated at reflux for two hours. After
evaporating thionyl chloride under reduced pressure, xylene
was added thereto, and then concentrated in vacuo again.
While stirring under ice-cooling, aqueous sodium azide (2.60
g, 40 mmol) solution (25 mI.) was added to the resulting solid,
and then stirred at the same temperature for 10 minutes.
Potassium carbonate was then added to the reaction solution
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until effervescence ceased. After extraction with toluene, dry-
ing with magnesium sulfate was carried out. After magne-
sium sulfate was removed by filtration, the resulting solution
was heated at reflux for 30 minutes, extracted with aqueous 6
N solution of hydrochloric acid, and then further heated at
reflux for 90 minutes. The reaction solution was cooled to
room temperature, and then concentrated in vacuo to yield
Compound 2¢ (0.55 g, 30%).

MS: 113.10 (M+H).

'H-NMR (D,0) §: 3.80-3.71 (2H, m), 3.61-3.46 (4H, m),
2.24-2.40 (4H, m).
step (3): Compound 2d—=Compound 2e—Compound 2f

To Compound 2d (1.29 g, 3 mmol), N,N-dimethylaceta-
mide (10 mL) was added, suspended, and then cooled to —15°
C. Triethylamine (0.50 mL, 3.6 mmol) was added to the
reaction solution, and then methanesulfonyl chloride (0.28
ml, 3.6 mmol) was added thereto, followed by stirring for 30
minutes at a temperature between —10° C. and -5° C., to yield
activated ester 2e. Triethylamine (1.5 mL) was added to the
prepared reaction mixture 2e (3.0 mmol) and then cooled to
-15° C. Compound 2¢ (0.67 g, 3.6 mmol) was added to the
reaction solution, and then stirred under ice-cooling for 90
minutes. Aqueous 0.2 N sodium hydroxide solution was
added to the reaction solution, and then extracted with ethyl
acetate. The organic layer was washed with water, then satu-
rated brine, and then dried with magnesium sulfate. After
magnesium sulfate was filtrated, the filtrate was concentrated
in vacuo, and then subjected to silica gel column chromatog-
raphy, eluting with chloroform-methanol, to yield Compound
2f(0.45 g, 29%).

MS: 523.28 (M+H).

'H-NMR (CDCl,) &: 7.46 (1H, d, J=8.2 Hz), 7.34 (4H, dd,
J=8.5,43 Hz),6.93 (3H,1,]=8.2 Hz), 6.83 (2H, d, ]=8.5 Hz),
6.66 (1H, s), 5.08 (2H, 5),4.95 (2H, 5),3.33 (3H, 5),3.31 (3H,
s), 3.22-3.13 (2H, m), 2.88 (2H, s), 2.80-2.72 (2H, m), 2.15-
2.05 (2H, m), 1.68-1.78 (2H, m).
step (4): Compound 2g+Compound 2f—=Compound 2h

In a water bath, Compound 2g (663 mg, 0.79 mmol) was
dissolved in N,N-dimethylacetamide (2 ml), and then
degassed. Sodium bromide (162 mg, 1.57 mmol) was added,
and then stirred at the same temperature for 20 minutes. A
solution of Compound 2f (440 mg, 0.79 mmol) in N,N-dim-
ethyiacetamide (1 mL) was added thereto, and then stirred at
room temperature for 40 minutes. Ethyl acetate and water
were added to the reaction solution, and then the organic layer
was separated. The organic layer was washed with water, then
saturated brine, and then dried with magnesium sulfate. Mag-
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nesium sulfate was then removed. Concentrating in vacuo
yielded Compound 2h (1.05 g).

MS: 1329.18 (M+H).
step (5): Compound 2h—Compound 2i

To the above-described crude Compound 2h (1.05 g), N,N-
dimethylformamide (10 mL) was added, and then cooled to
-30° C. Phosphorus tribromide (0.13 mL, 1.42 mmol) was
added, and then stirred at the same temperature for 80 min-
utes. Ethyl acetate and water were added to the reaction
solution, and then the organic layer was separated. The
organic layer was washed with water, then saturated brine,
and then dried with magnesium sulfate. Magnesium sulfate
was then removed by filtration. Concentrating in vacuo
yielded Compound 21 (1.05 g).

MS: 1313.08 (M+H).
step (6): Compound 2i—Compound (I-2)

The above-described crude Compound 21 (1.05 g) was
dissolved in methylene chloride (10 mL) and anisole (0.78
ml, 7.1 mmol), and then cooled to —-40° C. 2 mol/L.-alumi-
num chloride/nitromethane solution (3.55 mL, 7.1 mmol)
was added, and then stirred under ice-cooling for 45 minutes.
The reaction solution was dissolved in aqueous 1 N hydro-
chloric acid solution, and acetonitrile, and then washed with
diisopropyl ether. HP-20SS resin was added to the aqueous
layer, concentrated, and then subjected to ODS column chro-
matography, eluting with water-acetonitrile. To fractions con-
taining the desired compound, 0.2 N solution of sodium
hydroxide was added to adjust them to pH=6, and thereby a
sodium salt thereof was formed. Concentrating in vacuo and
subsequent lyophilization yielded Compound I-2 (240.5 mg,
49%) as a powder.

MS: 750.32 (M+H)

'"H-NMR (D,0) &: 6.99-6.96 (2H, m), 6.89 (1H, d, ]=8.8
Hz), 5.87 (1H, d,J=4.9 Hz), 5.37 (1H, d, =4.9 Hz), 4.84 (1H,
ddd, J=14.0Hz), 4.20 (1H, d, J=14.0 Hz), 3.62-3.95 (6H, m),
3.47 (1H, d, J=17.1 Hz), 3.07-2.86 (1H, m), 2.62-2.52 (2H,
m), 2.42-2.33 (2H, m), 1.52 (8H, td, J=20.4, 4.9 Hz).

Elemental analysis for C;,H;, CIN,O,,S,Na.4.6(H,0)

Caled.: C,42.14; H,4.79; N, 11.47; S, 7.50; Cl, 9.15; Na,
2.69(%).

Found.: C,42.22; H, 4.84; N, 11.43; S, 7.26; Cl, 4.05; Na,
2.40(%).

Example 3

Synthesis of Compound (I-3)

[Formula 49]
Cl
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3b



US 9,145,425 B2

-continued
0
o c1/Y
¢l SNm cl cl o
NC OPMB ¢l SNH cl
OPMB
__, HN __° . OPMB ___
HN
OPMB OPMB
3c 34 OPMB
3e
O~ cl O~ Cl
\ NH \
OPMB OPMB  1|f
Cl N . AR 0 N —_—
OPMB OPMB
3f 3g
AFCOZt—Bu
0
N/
| N s cl
N 0N
BocHN—</ | \)\ A OPMB
0 N Nt ==
S Vs N
o
CO,BH OPMB
3h
AFCOZNa
0
N
| N s cl
N 0N
HZN—</ | \)\ A\ oH
o] N NjL oy
S / N
o
COy OH

step (1): Compound 2e—Compound 3a

Compound 2e (40 mmol), which was prepared by the same
method as Example 2, was cooled to —15° C. Methanol (80
ml.) was added thereto, and then stirred at room temperature
for 30 minutes. Ethyl acetate and water were added to the
reaction solution, and then the organic layer was separated.
The organic layer was washed with water, then saturated
brine, and then dried with magnesium sulfate. Magnesium
sulfate was then filtrated. After concentrating in vacuo, iso-
propanol was added to the resulting residue. The resulting
solid was filtrated, and then washed with isopropanol, then
diisopropyl ether. Concentrating and drying yielded Com-
pound 3a (12.8 g, 73%) as a solid.

'H-NMR (DMSO-dy) 8: 7.61 (1H, d, 8.7 Hz), 7.44 (2H, d,
J=8.4 Hz), 7.29-7.25 (3H, m), 6.98 (2H, d, J=8.4 Hz), 6.85
(2H, d,J=8.2Hz),5.18 (2H, s), 4.89 (2H, 5), 3.81 (3H, 5),3.78
(3H, s), 3.74 (3H, s).
step (2): Compound 3a—Compound 3b

Compound 3a (12.0 g, 27.1 mmol) was dissolved in tet-
rahydrofuran (100 mL), and then under ice-cooling, a suspen-

50

55

60

65

I-3

sion of lithium aluminum hydride (1.03 g, 27.1 mmol) in
tetrahydrofuran (20 mL) was added drop-wise thereto. After
stirring at room temperature (for 5 hours, sodium sulfate
decahydrate (10.3 g) was added, and then stirred at room
temperature overnight. The resulting solid was then removed
by Celite filtration. The filtrate was concentrated under
reduce pressure, and then isopropanol was added to the result-
ing residue. The resulting solid was filtered, washed with
isopropanol, then diisopropyl ether, and then dried in vacuo to
yield Compound 3b (10.5 g, 94%) as a solid.

'H-NMR (DMSO-d,) &: 7.42 (2H, d, J=7.5 Hz), 7.31 (2H,
d, J=7.3 Hz), 7.20 (2H d, J=8.6 Hz), 7.15 (2H, d, J=8.6 Hz),
6.97 (2H, d,J=8.4 Hz), 6.87 (2H, d,J=8.4 Hz), 5.25 (1H, br s),
5.10(2H,s), 4.87 (2H, s),4.47 (2H, s),3.77 (3H, 5),3.75 (3H,
s).
step (3): Compound 3b—Compound 3¢

To Compound 3b (10.5 g, 25.3 mmol) tetrahydrofuran (80
ml) was added. Aqueous 28% ammonia solution (80 mL)
followed by iodine (19.3 g, 76 mmol) were further added
thereto, and then stirred at 60° C. for three hours. The reaction
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solution was then cooled to room temperature. Ethyl acetate
was added, and then separated. The organic layer was washed
with aqueous sodium hydrogen sulfite solution, water, then
saturated brine, and then dried with magnesium sulfate. After
magnesium sulfate was filtered, the filtrate was concentrated
in vacuo, and dissolved in a small amount of chloroform, and
then isopropanol was added thereto. The resulting solid was
filtered, washed with isopropanol, and then dried in vacuo to
yield Compound 3¢ (6.52 g, 63%) as a solid.

MS (FAB): 410 (M+H).

'H-NMR (CDCl,) &: 7.42-7.30 (6H, m), 6.99-6.94 (4H,
m), 6.89-6.85 (2H, m), 5.14 (2H, s), 5.02 (2H, 5), 3.88 (3H, 5),
3.84 (3H, s).
step (4): Compound 3c—Compound 3d

To Compound 3¢ (5.0 g, 12.2 mmol), methanol (50 mL)
was added. Hydroxylamine hydrochloride (8.5 g, 122 mmol)
followed by triethylamine (16.9 mL., 122 mmol) were further
added, and then heated at reflux for five hours. The reaction
solution was cooled to room temperature, the solvent was
evaporated under reduced pressure, and then ethyl acetate and
water were added. The organic layer separated was concen-
trated under reduced pressure, and then diisopropyl ether was
added to the resulting residue. The resulting solid was filtered,
washed with diisopropyl ether, and then dried in vacuo to
yield Compound 3d (5.19 g, 96%>.

MS: 443.24 (M+H).

'H-NMR (CDCl,) 8: 7.35 (4H, d, J=8.7 Hz), 7.19 (1H, d,
J=8.7 Hz), 6.98-6.89 (3H, m), 6.83 (2H, d, J=8.7 Hz), 5.07
(2H, 5),4.95 (2H, 5), 4.89 (2H, brs), 3.83 (3H, 5), 3.80 (3H, s).
step (5): Compound 3d—Compound 3e

To Compound 3d (5.4 g, 12.2 mmol), methylene chloride
(75 mL) and triethylamine (1.86 mL, 13.4 mmol) were added,
and then ice-cooled. While stirring, chloroacetyl chloride
(1.03 mL, 12.8 mmol) was added thereto, and then stirred at
room temperature for 30 minutes. After evaporating the sol-
vent, ethyl acetate was added and washed with water. The
organic layer separated was concentrated in vacuo. Isopro-
panol-water (1:1) was then added to the resulting residue. The
resulting solid was filtered, washed with isopropanol, then
diisopropyl ether, and then dried in vacuo to yield Compound
3e (3.83 g, 61%) as a solid.

'H-NMR (CDCl,) §: 7.36-7.31 (4H, m), 7.25-7.22 (2H,
m), 6.94-6.90 (3H, m), 6.83 (2H, d,J=8.7 Hz), 5.17 (2H, brs),
5.08 (2H, s),4.94 (2H, s),4.29 (2H, 5), 3.83 (3H, 5), 3.80 (3H,
s).

MS: 519.20 (M+H).
step (6): Compound 3e—=Compound 3f

To Compound 3e (3.8 g, 7.32 mmol) was added dioxane
(50 mL), and then stirred at 100° C. for three hours. The
reaction solution was cooled to room temperature, and con-
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centrated in vacuo, and then diisopropyl ether was added to
the resulting residue. The resulting solid was filtered, and then
dried in vacuo to yield Compound 3f (3.42 g, 93%).

MS: 501.19 (M+H).

'H-NMR (CDCl,) é: 7.65 (1H, d, J=8.7 Hz), 7.36 (4H, dd,
J=8.5, 2.1 Hz), 6.99 (1H, d, J=8.7 Hz), 6.94-6.90 (2H, m),
6.80-6.85 (2H, m), 5.11 (2H, s), 9.99 (2H, s), 4.75 (2H, a),
3.84 (3H, s), 3.80 (3H, s).
step (7): Compound 3f—Compound 3g

Compound 3f (3.4 g, 6.78 mmol) was dissolved in N,N-
dimethyl formamide (35 mL). Under ice-cooling, potassium
carbonate (1.41 g, 10.2 mmol) followed by pyrrolidine (0.62
ml, 7.46 mmol) were added thereto, and then stirred at room
temperature for two hours. Ethyl acetate and water were then
added to the reaction solution. The organic layer separated
was washed with water, and saturated brine, and then dried
with magnesium sulfate. After magnesium sulfate was fil-
tered, the filtrate was concentrated in vacuo, and then sub-
jected to silica gel column chromatography, eluting with
chloroform-methanol. Fractions containing the desired com-
pound were concentrated in vacuo to yield Compound 3g
(1.97 g, 54%) as a solid.

MS: 536.30 (M+H)

'"H-NMR (CDCl,) &: 7.67 (1H, d, J=8.7 Hz), 7.36 (4H, d,
J=8.5 Hz), 6.98 (1H, d, J=8.7 Hz), 6.92 (2H, d, J=8.4 Hz),
6.83 (2H,d, I=8.5Hz),5.11 (2H, 5),4.99 (2H, 5),4.03 (2H, 5),
3.84 (3H, s), 3.80 (3H, s), 2.77-2.72 (4H, m), 1.88-1.84 (4H,
m).
step (8): Compound 3g+Compound
3h—=Compound (I-3)

Using Compound 3a (536 mg, 1 mmoll) and Compound 1f
(842 mg, 1 mmol), Compound I-3 (91.5 mg, 12%) was
obtained according to the same procedure as Example 1.

MS: 763.34 (M+H).

'H-NMR (D,0) §: 7.38 (1H, d, J=8.3 Hz), 6.90 (1H, d,
J=8.3 Hz), 6.85 (1H, s), 5.85 (1H, d, J=5.0 Hz), 5.43 (1H, d,
J=14.0 Hz), 5.26 (1H, d, J=4.9 Hz), 4.97 (1H, d, J=14.3 Hz),
4.58 (1H, d, J=14.8 Hz), 4.22-4.17 (1H, m), 3.91-3.82 (5H,
m), 3.47 (1H, d, J=16.9 Hz), 2.37-2.29 (4H, m), 1.45 (6H, d,
J=5.3 Hz).

Elemental analysis for C;,H;,CIN O, ,S,Na.5.5(H,0).0.2
(NaHCO,)

Caled.: C,40.25; H, 4.61; N, 12.44; S, 7.12; Cl, 3.93; Na,
3.06(%).

Found.: C, 40.14; H, 4.69 N, 12.54; S, 7.26; Cl, 3.77; Na,
2.98(%).

1f—=Compound

Example 4

Synthesis of Compound (1-4)

[Formula 50]
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step (1): Compound 2e+Compound 4a—Compound 4b

Using Compound 4a (550 mg, 2.37 mmol), which was
synthesized as described in W(0200402472, Compound 4b
(640 mg, 1.22 mmol) was obtained according to same proce-
dure as Example 2.

MS: 523.18 (M+H).

'H-NMR (CDCl,) §: 7.38-7.30 (4H, m), 7.01-6.80 (6H,
m), 5.25(0.6H, s), 5.07 (2H, d, I=4.1 Hz), 5.03-4.91 (2H, m),
4.28 (0.6H, d, J=9.2 Hz), 3.85 (3M, s), 3.79-3.73 (3.4H, m),
3.37-3.27 (0.4M, m), 3.17-2.80 (SH, m), 2.66-2.34 (2H, m),
2.07-1.77 (2H, m).
step (2): Compound 4c+Compound 4b—Compound 4d.

Compound 4b (640 mg, 1.22 mmol) was dissolved in N,N-
dimethylformamide (4 mL), and then degassed. Compound
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4c (1.14 g, 1.22 mmol) was added, and then stirred at room
temperature for 40 minutes. Water and ethyl acetate were then
added to the reaction solution. The organic layer separated
was washed with aqueous 10% sodium hydrogen sulfite solu-
tion, and then dried with magnesium sulfate. Magnesium
sulfate was filtered. Concentrating in vacuo yielded Com-
pound 4d (1.59 g).

MS: 1329.67 (M+H)
step (3): Compound 4d—Compound 4e—Compound (I-4)

The above-described crude Compound 4d was dissolved in
methylene chloride (12 mL), and then cooled to -40° C.
Phosphorus tribromide (0.23 mL, 2.44 mmol) was added, and
then stirred at —40° C. for 80 minutes. Anisole (1.33ml, 12.2
mmol) was added to the reaction solution, and then at -40° C.,
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2 mol/L-aluminum chloride/nitromethane solution (6.1 mL,
12.2 mmol) was added, and then stirred for one hour at a
temperature between —10° C. and -5° C. The reaction solu-
tion was dissolved in aqueous 1 N hydrochloric acid solution
and acetonitrile, and then washed with diisopropyl ether.
HP-20SS resin was added to the aqueous layer, concentrated,
and then subjected to ODS column chromatography, eluting
with water-acetonitrile. Aqueous 0.2 N sodium hydroxide
solution was added to the fractions containing the desired
compound to adjust them to pH=6, and thereby a sodium salt
thereof was formed. Concentrating under reduced pressure
and subsequent lyophilization yielded Compound 1-4 as a
powder (568.6 mg, 60%).

MS: 750.19 (M+H)

96
'H-NMR (D,0) &: 7.00-6.95 (2H, m), 6.86-6.79 (1H, m),
5.92-5.87 (1H, m), 5.57 (0.6H, s), 5.41-5.37 (1H, m), 4.94-
4.51(1.4H, m), 4.31-4.17 (1H, m), 3.96-3.35 (10H, m), 2.83-
2.32 (2H, m), 1.54 (6H, d, J=4.7 Hz).
5 Elemental analysis for C; H;,CIN,O, ,S,Na.4.8(H,0).0.3
(NaHCO,)
Caled.: C,41.17; H, 4.66; N, 11.09; S, 7.26; Cl, 4.01; Na,
3.38(%).
0 Found.: C, 41.13; H, 4.69; N, 11.19; S, 7.50; C1, 3.74; Na,
3.34(%).

Example 5

Synthesis of Compound (I-5)

[Formula 51]
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step (1): Compound 2d+Compound Sa—Compound 5b

Compound 2d (2.55 g, 5.9 mmol) was dissolved in N,N-
dimethylformamide (25 mL), and then hydrochloric acid salt
of N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide (1.25
g, 6.54 mmol) followed by 1-hydroxybenzotriazole (883 mg,
6.54 mmol) were added, followed by stirring at room tem-
perature for 40 minutes. After the reaction temperature was
ice-cooled, a solution of Compound 5a (900 mg, 7.13 mmol),
which was synthesized as described in Synth. Common.
2006,36,321, in N,N-dimethylformamide (3 m[.) was added
thereto, and then stirred at room temperature for 90 minutes.
The reaction solution was diluted with ethyl acetate, washed
with aqueous sodium hydrogen carbonate solution, water,
and then saturated brine. The organic layer was dried with
magnesium sulfate, and then magnesium sulfate was
removed by filtration, followed by concentration in vacuo.
The resulting residue was subjected to silica gel column chro-
matography, eluting with methanol-chloroform. Fractions
containing the desired compound were concentrated in vacuo
to yield. Compound 5b (1.64 g, 51%).

MS: 537.19 (M+H).

'H-NMR (CDCl,) 8: 7.34 (4H, 1, ]=9.3 Hz), 6.98-6.87 (4H,
m), 6.81 (2H, d,J=8.4 Hz), 5.07 (2H, 5), 4.99 (2H, dd, J=26.2,
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10.3 Hz), 4.79 (0.8H, m), 4.34-4.26 (0.2H, m), 3.84 (3H, s),
3.79(3H, s),3.67-2.80 (8H, m), 2.23-2.00 (2H, m), 1.70-1.86
(2H, m).
step (2): Compound 4c+Compound Sb—Compound
Sc—=Compound (I-5)

Using Compound 5b (806 mg, 1.5 mmol) and Compound
4c (1.40 g, 1.5 mmol), Compound I-5 (319.7 mg, 46%) was
obtained according to the same procedure as Example 4.

MS: 764.16 (M+H)

'"H-NMR (D,0) 8: 6.95-6.91 (2H, m), 6.80-6.76 (1H, m),
5.85(1H, dd, J=9.3,4.9 Hz), 535 (1H, t, J=5.1 Hz), 4.95-4.35
(2H, m), 4.19-4.10 (2H, m), 3.94-3.40 (9H, m), 2.40-2.17
(4H, m), 1.49 (6H, s).

Elemental analysis for C,,H;;CIN,O, ,S,Na.4.5(H,0).0.1
(NaHCO,)

Caled.: C, 42.66; H, 4.85; N, 11.20; S, 7.32; Cl, 4.05; Na,
2.89(%).

Found.: C, 42.60; H, 4.78; N, 11.26; S, 7.33; Cl, 4.15; Na,
2.72(%).

Example 6

Synthesis of Compound (1-6)

[Formula 52]
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step (1): Compound la+Compound 6a—Compound 6b

Compound la (1.58 g, 3 mmol) and Compound 6a (555
mg, 3 mmol), which was obtained by the same method as
Compound 4a, were suspended in N,N-dimethylformamide
(5 mL). Triethylamine (0.92 ml, 6.6 mmol) was added
thereto, and then stirred at room temperature for two hours.
Triethylamine (0.31 mL, 2.2 mmol) and Compound 6a (55
mg, 0.3 mmol) were added, and then stirred further for five
hours. Ethyl acetate and water were then added to the reaction
solution. The organic layer separated was then washed with
water, then saturated brine, and dried with magnesium sul-
fate. Magnesium sulfate was then removed by filtration. Con-
centrating in vacuo yielded Compound 6b (1.54 g, 98%).

MS: 523.18 (M+H).

'H-NMR (CDCl,) &: 7.38-7.29 (4H, m), 7.00-6.87 (4H,
m), 6.81 (2H, dd, J=8.5, 2.1 Hz), 5.26-5.25 (0.6H, m), 5.07

40

step (2): Compound 4c+Compound 6b—Compound
6¢c—Compound 6d—Compound (I-6)

Using Compound 4¢ (1.12 g, 1.2 mmol) and Compound 6b
(628 mg, 1.2 mmol), Compound I-6 (633.8 mg, 68%) was
obtained according to the same procedure as Example 4.

MS: 750.23 (M+H).

'H-NMR (D,0) &: 7.02-6.97 (2H, m), 6.91-6.84 (1H, m),
5.93-5.89 (1H, m), 5.59 (0.6H, s), 5.42-5.38 (1H, m), 4.96-
4.56 (1.4H, m), 4.33-4.19 (1H, m), 4.04-3.30 (10H, m), 2.80-
2.40 (2H, m), 1.55 (6H, d, J=4.7 Hz).

Elemental analysis for C,,H;,CIN,O, ,S,Na.7.3(H,0).0.1
(NaHCO,).0.5(NaCl)

Caled.: C,38.41; H, 4.89; N, 10.42; S, 6.81; Cl, 5.65; Na,
3.91(%).

Found.: C,38.37; H, 4.72; N, 10.19; S, 6.94; C1, 5.71; Na,
4.01(%).

45
(2H, d, I=4.1 Hz), 5.03-4.93 (2H, m), 4.29 (0.6H, d, J=9.2 Example 7
Hz), 3.84 (3H, 5), 3.79-3.76 (3.4H, m), 3.37-3.27 (0.4H, m),
3.17-2.81 (5H, m), 2.67-2.38 (2H, m), 2.08-1.78 (2H, m). Synthesis of Compound (I-7)
[Formula 53]
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step (1): Compound la+Compound 7a—Compound 7b

To Compound 1a (1.58 g, 3 mmol), N,N-dimethylforma-
mide (5 mL) was added. Diisopropylethylamine (1.36 mmol,
7.8 mmol) followed by Compound 7a (0.99 g, 3.6 mmol),
synthesized as described in J. Org. Chem. 1990, 55, 1687,
were added thereto, and then stirred at room temperature for
4 hours. Ethyl acetate and water were added, and the organic
layer separated was washed with water, then saturated brine,
and then dried with magnesium sulfate. After magnesium
sulfate was removed by filtration, the filtrate was concen-
trated in vacuo, and then subjected to silica gel column chro-
matography, eluting with chloroform.methanol. Fractions

55 containing the desired compound were concentrated under
reduced pressure to yield Compound 7b (1.14 g, 73%).

'"H-NMR (CDCl,) &: 7.38-7.31 (4H, m), 7.00-6.90 (4H,
m), 6.82 (2H, d, J=8.7 Hz), 5.07 (2H, d, J=2.0 Hz), 4.99 (2H,
d, J=3.8 Hz), 4.87 (0.6H, 5), 3.84 (3H, s), 3.79 (3H, s), 3.77-
3.25 (3.4H, m), 3.02-2.93 (1H, m), 2.81-2.76 (1H, m), 2.44,
2.41 (3H, m), 1.94-1.78 (2H, m).

MS: 523.19 (M+H).
step (2): Compound 4c—Compound 7b—Compound
7c—=Compound 7d—Compound (I-7)

Using Compound 7b (628 mg, 1.2 mmol) and Compound
4c (1.12 g, 1.2 mmol), Compound 1-7 (270.6 mg, 29%) was
obtained according to the same procedure as Example 4.

60

65
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'H-NMR (D,0) 8: 7.03-6.99 (2H, m), 6.95-6.90 (1H, m),
591 (1H, d, J=5.0 Hz), 5.42-5.40 (1H, m), 5.18 (0.4H, s),
4.76-4.48 (1.6H, m), 4.38-4.24 (2H, m), 4.04-3.53 (6H, m),
3.27,3.17 (3H, sx2), 2.70-2.57 (2H, m), 1.55 (6H, d, J=5.5
Hz). 5

MS: 750.25 (M+H).

Elemental analysis for C;,H;, CIN,O, ,S,Na.5.2(H,0).0.1
(NaHCO,)

C,41.35;H,4.78;N, 11.21; 8, 7.34; Cl, 4.06; Na, 2.89(%).

Found.: C, 41.37; 1, 4.70; N, 11.21; S, 7.43; Cl, 3.82; Na, '°
3.00(%).
Example 8
Synthesis of Compound (I-8)
\(COZBH
O
7~ _
N O 7b
| & . —
N N, S
BocHN% |
S O N / Cl
O
CO,PMB
8a
\(COZBH
/O
H
N N, S N
BocHN4</ | ~
S o N A iR
O
CO,PMB
8b
\'/COZNa
/O
H
N N, S
HZN% |
O N
O
COy”
1-8

step (1): Compound 8a+Compound 7b—Compound 8b

In a water bath, Compound 8a (892 mg, 1.0 mmol) was
dissolved in N,N-dimethylacetamide (3 ml), and then
degassed. Compound 7b (523 mg, 1 mmol) followed by
sodium iodide (450 mg, 3.0 mmol) were added, and then stir
red at room temperature for 45 minutes. N,N-dimethyl for-
mamide (7 ml) was then added to the reaction solution. While
stirring under ice-cooling, potassium iodide (1.33 g, 8 mmol)
followed by acetyl chloride (0.43 mL, 6 mmol) were added 65
thereto, and then stirred at the same temperature for 90 min-
utes. Ethyl acetate was added to the reaction solution to dilute

60

104
it, and then washed with aqueous 10% sodium hydrogen
sulfite solution, then water. The organic layer was then dried
with magnesium sulfate. After magnesium sulfate was
removed by filtration, the filtrate was concentrated in vacuo to
yield Compound 8b (1.52 g).

MS: 1364.04 (M+H)
step (2): Compound 8b—Compound (I-8)

The above-describe crude Compound 8b (1.42 g) was dis-
solved in methylene chloride (12 mL) and anisole (1.09 mL,
10 mmol), subsequently cooling to -40° C. 2 mol/L-alumi-
num chloride/nitromethane solution (5.0 mL, 10 mmol) was
added thereto, and then stirred under ice-cooling for one hour.
The reaction mixture was dissolved in aqueous 1 N hydro-
chloric acid solution and acetonitrile, and then washed with
diisopropyl ether. HP-20SS resin was added to the aqueous

[Formula 54]

Cl

OPMB

OPMB

layer, concentrated, subjected to ODS column chromatogra-
phy, eluting with water-acetonitrile. To fractions containing
the desired compound, 0.2 N sodium hydroxide solution was
added to adjust them to pH=6, and thereby a sodium salt
thereof was formed. Concentrating under reduced pressure
and subsequent lyophilization yielded Compound 1-8 (173.6
mg, 23%) as a powder.

MS: 736.30 (M+H).

'H.NMR (D,0) &: 7.01 (1H, s), 6.96 (11, d, ]=7.8 Hz),
6.88 (1M, d, 1=7.8 Hz), 5.88 (1H, d, J=4.9 Hz), 5.37 (111, d,
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J=4.9 Hz), 5.13-4.48 (3H, m), 4.34-4.19 (2H, m), 3.99-3.48
(6H, m), 3.30-3.12 (3H, m), 2.67-2.53 (2H, m), 1.48 (3H, d,
J=6.7 Hz).

Elemental analysis for C,oH,,CIN, ,O,,S,Na.5.5(H,0)

Caled.: C,40.63; H, 4.70; N, 11.44; S, 7.48; Cl, 4.14; Na, 5
2.68(%).

Found.: C, 40.64; H, 4.70; N, 11.42; S, 7.46; C1, 3.99; Na,
2.50(%).

Example 9 10

Synthesis of Compound (1-9)

[Formula 55]

CO,BH
HBOZC/\l/

0
N~ o
| H " 5b
N N, S —_—
BocHN% |
. 0 N __~# al
o

CO,BH
9a
CO,BH
HBOZC/\(
_0O
| I 0 cl
N N, S —_—
OPMB
BocHN4</ | N
S © AN FN\J
© OPMB
CO,BH
9b
CO5Na
Naozc/ﬁ/
_0O
- 0 cl
N N S
OH
H2N~</ | N
+
. 0 N _~# N\J
© OH
COy”
1o

step (1): Compound 9a+Compound Sb—Compound
96—Compound (1-9) 55

Using Compound 9a (1.38 g, 1.2 mmol) and Compound 5b
(0.64 g, 1.2 mmol), Compound I-9 (359.7 mg, 36%) was
obtained according to the same procedure as Example 8.

MS: 793.37 (M+H).

'H-NMR (D,0) 8: 7.01-6.94 (2H, m), 6.86-6.81 (1H, m),
5.83 (1H,t,J=4.7 Hz), 5.34 (1H, t, J=4.3 Hz), 5.00-4.95 (2H,
m), 4.85-4.52 (1H, m), 4.24-4.12 (2H, m), 3.87-3.41 (9H, m),
2.75-2.71 (2H, m), 2.41-2.19 (4H, m).

Elemental analysis for C;, H;,CIN,O,,S,Na,.7.7(H,0)

Caled.: C,38.11; H, 4.68; N, 10.04; S, 6.56; Cl, 3.63; Na,
4.71(%). 65

Found.: C, 38.12; H, 4.69; N, 10.08; S, 6.51; Cl, 3.93; Na,
4.60(%).

60
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Example 10

Synthesis of Compound (I-10)
\l/COZBH

0
N~ o
| H " 6b
N N, S —_—
BocHN% |
. 0 N~ al
o

[Formula 56]

CO,PMB
8a
\(COZBH
O 0 Cl
| il OPMB
N N S N
BocHN4</ |
0 N N!
. F N OPMB
o
CO,PMB
10a
YCOZNa
O 0 Cl
| I oH
N N g (\N
HZN—</ |
S ¢} N P NI (0)1
o

€Oy
I-10

step (1): Compound 8a+Compound 6b—Compound
10a—Compound (I-10)

Using Compound 8a (839 mg, 0.94 mmol) and Compound
6b (492 mg, 0.94 mmol), Compound I1-10 (219.4 mg, 31%) 5
was obtained according to the same procedure as Example 8.

MS: 736.31 (M+8).

'H-NMR (D,0) §: 7.01 (1H, s), 6.96-6.94 (1H, m), 6.85-
6.78 (1H, m), 5.90-5.87 (1H, m), 5.55 (0.5H, s), 5.38-5.34
(1H, m), 4.90-4.55 (2.5H, m), 4.29-4.14 (1H, m), 3.97-3.32 60
(10H, m), 2.76-2.38 (2H, m), 1.43 (3H, d, ]=6.9 Hz).

Elemental analysis for C,oH,,CIN,O,,S,Na.6.1(H,0)

Caled.: C, 40.13; H, 4.78; N, 11.30; S, 7.39; Cl, 4.08; Na,
2.65(%). 65

Found.: C, 40.08; H, 4.75; N, 11.32; S, 7.56; Cl, 4.13; Na,
2.30(%).
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Example 11

Synthesis of Compound (I-11)

‘ .CO,tBu
o
\H\’( ; /S+
BocHN%

N F Cl

[Formula 57]

7b

CO,BH
1la

Cl

OH

N o]
B s
N
N
H2N4</ | );( AN @
N o] N Nt
s d Z oH
COy
I-11

step (1): Compound 1la+Compound 7b—Compound
11b—=Compound (I-11)

Using Compound 11a (843 mg, 1.0 mmol) and Compound
7b (523 mg, 1.0mmol), Compound I-11 (260.5 mg, 34%) was 55
obtained according to the same procedure as Example 8.

MS: 751.32 (M+H).

'H-NMR (D,0) 8: 6.95-6.82 (2H, m), 5.89 (1H, d, I=4.8
Hz), 5.37 (1H, dd, J=5.1, 1.8 Hz), 5.13 (0.5H, m), 4.76-4.49
(1.5H, s), 4.34-4.19 (2H, m), 4.00-3.47 (6H, m), 3.26, 3.17 60
(3H, m), 2.62-2.53 (2H, m), 1.54 (6H, d, J=4.2 Hz).

Elemental analysis for C,oH;,CINGO, ,S,Na.6.7(H,0).0.2
(NaHCO,)

Caled.: C,38.51; H, 4.83; N, 12.30; S, 7.04; Cl, 3.89; Na,
3.03(%). 65
Found.: C, 38.47; H, 4.72; N, 12.35; S, 7.06; Cl, 3.69; Na,

2.97(%).
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Example 12

Synthesis of Compound (I-12)

[Formula 58]
O/N
~ OPMB
o}
N7 o 7b
| & |
N N S
BocHN~</ |
. o} N~ al
o
CO,BH
12a
O/N
~ OPMB
0
- O Cl B —
H
N s OPMB
N
BocHN4</ | ~
0 N7 N
5 g 1 OPMB
CO,BH
12b
N
o \
~ ONa
0
- 0 l
H
N s OH
N
H2N~</ | ~
0 N _~# N
8 g T OH
COy

50
step (1): Compound 12a+Compound 7b—Compound
12b—=Compound (I-12)

Using Compound 12a (917 mg, 1.0 mmol) and Compound
7b (523 mg, 1.0mmol), Compound I-12 (172.5 mg, 22%) was
obtained according to the same procedure as Example 8. 55

MS: 761.34 (M+H).

'H-NMR (DMSO-dy) 8: 6.76 (1H, s), 6.68 (1H, d, J=8.1
Hz), 6.56 (1H, d, J=7.9 Hz), 5.90 (1H, s), 5.65 (1H, d, I=4.7

Hy), 5.08-3.33 (16H, m), 3.09-3.03 (4H, m), 2.29-2.19 2H, _

m).

Elemental analysis for C, H,q ;CINJO,,S,Na,,.5.7
(H0)

Caled.: C, 40.98; H, 4.55; N, 12.74; S, 7.29; Cl, 4.03; Na,
1.83(%). 65

Found.: C, 41.02; H, 4.38; N, 12.68; S, 7.17; Cl, 4.26; Na,
1.83(%).
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Example 13

Synthesis of Compound (I-13)

OPMB
\(COZBH C'/\ N
N\)
O
N/ o OPMB
| 0
N N, ST
BocHN% |
S O N / Cl
O

CO,PMB

[Formula 59]

13a

8a

\(COZBH

(0]
N -
| H
N N, S
BocHN—</ | OPMB
S 0 N A N*
(@]

N
CO,PMB K/ OPMB

13b

YCOZNa

N/O
| H
N N, S
H2N4</ | OH
S 0 N A N*
J k/N
COy”

OH

step (1): Compound 8a+Compound 13a—Compound
13b—=Compound (I-13)

Using Compound 8a (695 mg, 0.78 mmol) and Compound
13a (418 mg, 0.78 mmol), Compound 1-13 (155.7 mg, 27%)
was obtained according to the same procedure as Example 8.

MS; 750.42 (M+H). 55

'H-NMR (D,0) &: 7.06 (1H, d, J=3.2 Hz), 6.99 (1H, 4,
J=8.2 Hz), 6.87-6.83 (1H, m), 5.94 (1H, t, J=4.4 Hz), 5.40
(1H, dd, J=8.4, 5.0 Hz), 4.73-4.64 (1H, m), 4.51-4.28 (2H,
m), 4.01-3.46 (10H, m), 2.00-2.53 (4H, m), 1.52 (3H, dd,
J=7.1,3.4 Hz). 60

Elemental analysis for C;,H;, CIN,O, ,S,Na.5.5(H,0).0.1
(NaHCO,)

Caled.: 41.10; H, 4.82; N, 11.15; S, 7.29; Cl, 4.03; Na,
2.87(%). 65
Found.: C, 41.24; H, 4.86; N, 11.01; S, 6.84; C1, 3.70; Na,

2.96(%).

50
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Example 14

Synthesis of Compound (I-14)

CO,BH OPMB
HBOZC/Y N
N\)

0
N~ o OPMB
. | & L
BocHN4</ |
y 0 N~ a
d

[Formula 60]

13a

CO,BH
9a
C0O,BH
HBOZC/ﬁ/
_0
H
N S

N —_—
BocHN4</ | OPMB
S 0 N _~# N*

k/ N
CO,BH OPMB

o} cl
14a

CO>Na

NaOZC/ﬁ/
_0O

H

N N S
HZN—</ | OH

S o] N __~# N*

CO," OH

I-14

step (1): Compound 9a+Compound 13a—Compound
14a—Compound (I-14) 30
Using Compound 9a (804 mg, 0.70 mmol) and Compound
13a (376 mg, 0.70 mmol), Compound 1-14 (186.3 mg, 32%)
was obtained according to the same procedure as Example 8.
MS: 794.43 (M+H). 55
'H-NMR (D,0) &: 7.06 (1H, d, J=2.7 Hz), 7.00 (1H, dd,
J=8.2,3.5Hz),6.93-6.86 (1H, m), 5.88 (1H,t,J=4.2Hz), 5.37
(1H, dd, J=8.6, 5.0 Hz), 5.04-4.95 (2H, m), 4.52-4.29 (2H,
m), 4.04-3.46 (10H, m), 2.81-2.69 (2H, m), 2.44-2.15 (4H,
m). 60
Elemental analysis for C;,H;,CIN,O,,S,Na,.6.9(H,0)
.0.1(NaHCO,)

Caled.: C,38.47; H, 4.56; N, 10.10; S, 6.61; Cl, 3.65; Na,
4.97(%). 65
Found.: C, 38.49; H, 4.48; N, 10.12; S, 6.41; Cl, 3.85; Na,

4.94(%).
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Example 15

Synthesis of Compound (I-15)

[Formula 61]
0 cl
. OPMB
‘ .COt-Bu SN
N\)
N O o OPMB
| - | 15a
N N 53
BocHN% |
. 0 N~ cl
o
CO,BH
If
.COt-Bu

—_—

N
CO,BH r OPMB

o
N -~
| =
N N, 8
BocHN~</ | OPMB
. o N A L "
o

15b

_CO,Na
0
N/
| H
N X, S
H,N 4 | O OH
. 0 N __# N* "'/|
S k/N
CO,”

OH

50
step (1): Compound 1f+Compound 15a—Compound
15b—=Compound (I-15)

Using Compound 1f (842 mg, 1.0 mmol) and Compound
15a (537 mg, 1.0 mmol), Compound I-15 (330 mg, 42%) was
obtained according to the same procedure as Example 8. 55

MS: 764.38 (M+H).

'H-NMR (D,0O) 8: 7.03-6.98 (2H, m), 6.93-6.84 (1H, m),
5.92 (1H, dd, J=10.2, 4.9 Hz), 5.40 (1H, J=10.6, 5.0 Hz),
5.31-5.21 (1H, m), 4.73-4.56 (1H, m), 4.09-3.30 (11H, m),
2.57-2.02 (4H, m), 1.59-1.48 (6H, m).

Elemental analysis for C;,H,;CIN,O, ,S,Na.5.3(H,0).0.1
(NaHCO,)

Caled.: C,41.97; H, 4.95; N, 11.02; S, 7.20; Cl, 3.98; Na,
2.84(%). 65
Found.: C, 41.85; H, 4.86; N, 11.25; S, 7.14; Cl, 4.02; Na,

2.89(%).

60
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Example 16

Synthesis of Compound (I-16)

Cl

MsO,C OPMB

OPMB

| 16b

step (1): Compound 2e+Compound 16a—Compound 16b

120
Hz), 3.30-3.37 (1H, m), 3.00 (1H, dd, J=4.4, 11.6 Hz), 2.94-
2.85 (1H, m), 2.82-2.74 (1H, m), 2.68 (1M, t, J=7.2 Hz), 2.57
(1M, t, 1=7.2 Hz), 2.42 (10, dd, J=4.6, 9.5 Hz), 2.31 (31, 5),
2.25 (10, dd, 1=4.6, 9.5 Hz).

[Formula 62]

OPMB

OPMB

16b

OPMB

OPMB

OH

OH

Step (2): Compound 1f+Compound 1.6b—Compound

Using Compound 2e (6 mmol) and Compound 16a (1.43 g, 60 16c—Compound (I-1)

7.2 mmol), which was synthesized as described in J. Hetero-
cycl. Chem. 1983, 20,321, Compound 16b (1.69 g, 52%) was
obtained according to the same procedure as Example 2.
MS: 537.35 (M+H).
'H-NMR (CDCl,) §: 7.38-7.30 (4H, m), 6.98-6.89 (4H,
m), 6.83-6.79 (2H, m), 5.06 (2H, s), 4.98 (2H, s), 3.91-3.87
(1H, m), 3.83 (3H, s), 3.79 (3H, 5), 3.58 (1H, dd, J=4.3, 12.8

Using Compound 11 (842 mg, 1.0 mmol) and Compound
16b (537 mg, 1.0 mmol), Compound I-16 (330 mg, 42%) was

65 provided according Co the same procedure as Example 9.

MS: 764.38 (M+H).
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'H-NMR (D,0) 8: 6.97-6.92 (2H, m), 6.85-6.81 (1H, m),
5.88 (1H, dd, J=4.9, 2.9 Hz), 5.38 (1H, dd, J=5.0, 2.9 Hz),
4.77-4.68 (1H, m), 4.20-3.84 (SH, m), 3.68-2.95 (11H, m),
1.51 (6H, d, I=5.0 Hz).

Elemental analysis for C;;H,;CIN,O,,S,Na.5.9(H,0).0.2 5
(NaHCO,)

Caled.: C,41.21; H, 4.99; N, 10.78; S, 7.03; Cl, 3.90; Na,
3.03(%).

Found.: C, 41.13; H, 4.97; N, 10.86; S, 7.27; Cl, 3.91; Na,
2.99(%). 10

Example 17

Synthesis of Compound (I-17)

122

chloric acid solution (2 ml.) was added to the reaction solu-
tion, and then methylene chloride was evaporated under
reduced pressure. Ethyl acetate and water were then added to
the resulting residue. The organic layer separated was washed
with saturated brine, dried with magnesium sulfate, filtered,
and concentrated in vacuo to yield Compound 17¢ (2.33 g).

MS: 1412.14 (M+H)
step (2): Compound 17c—Compound (I-17)

The above-describe crude Compound 17¢ (2.33 g) was
dissolved in methylene chloride (25 ml) and anisole (1.64
ml, 15 mmol), and then cooled to —40° C. 2 mol/L-aluminum
chloride/nitromethane solution (7.5 mL, 15 mmol) was added
thereto, and then stirred under ice-cooling or 75 minutes. The
reaction solution was dissolved in Aqueous 1 N hydrochloric
acid solution and acetonitrile, and then the aqueous layer

[Formula 63]
0 cl
“CI"HaN, OPMB
3 S N
RIS
N NY
CO,BH F OPMB
6]
Br
CO,BH
A0 :
I\i 17a
N CO,H
2.
BocHN% |
s N
17a
\l/COZBH
Y 0 cl
N/
| )i OPMB
N N § N P —
/ Br
BocHN | UYL
N 0 N A NI OPMB
0
CO,BH
17¢
\(COZNa
Y 0 cl
N 7~
| H OH
N N s N
H)N / | PRI
S/,}J O N /// NI OH
0
COy”
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step (1): Compound 17a+Compound 17b—Compound 17¢

separated was washed with diisopropyl ether. HP-2055 resin

Compound 17a (750 mg, 1.43 mmol) and Compound 17b 60 was added to the aqueous layer, concentrated, and then sub-

(1.60 g, 1.5 mmol), which were obtained using the some
method as described in Bioorg. Med. Chem. 2007, 15, 6716,
were dissolved in methylene chloride (20 mL), and then
cooled to —=15° C. pyridine (0.145 mL,, 1.8 mmol) followed by
hydrochloric acid salt of N-ethyl-N'-(3-dimethylaminopro-
pyl)carbodiimide (345 mg, 1.8 mmol) were added, and then
stirred under ice-cooling for two hours. Aqueous 2 N hydro-

jected to ODS column chromatography, eluting with water-
acetonitrile. Aqueous 0.2 N sodium hydroxide solution was
added to fractions containing the desired compound to adjust
them to pH=6, and thereby a sodium salt thereof was formed.

65 Lyophilization yielded Compound I-17 (308.5 mg, 27%) as a

powder.
MS: 737.36 (M+H).
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'H-NMR (D,0) 8: 6.96-6.92 (1H, m), 6.85-6.79 (1H, m),
5.91 (1H, t,J=5.3 Hz), 5.54 (0.4H, s), 5.35 (1H, t, J=5.6 Hz),
4.77-4.67 (2H, m), 4.55 (0.6H, s), 4.16 (1H, d, I=13.7 Hz),
3.90-3.33 (10H, m), 2.76-2.36 (2H, m), 1.51 (3H, d, J=7.0
Hz). 5
Elemental analysis for C,3H,sCIN;O,,S,Na.4.9(H,0)
Caled.: C,39.69; H, 4.50; N, 13.22; S, 7.57; Cl, 4.18(%).
Found.: C,39.77; H, 4.51; N, 12.80; S, 7.56; Cl, 4.54(%).

Example 18 10

Synthesis of Compound (I-18)
[Formula 64]

OPMB

\l/COZBH .
O C‘
N~ o

| = N
N N, S
BocHN‘</ |
S (0] 5 N P Cl

CO,BH

OPMB

18a

\(COZBH

BocHN4</ ﬁ );(\;\/ ":,, OPMB _>
b

COZBH OPMB

Cl
18b

YCOZNa
_O

N
| &
N N, S
HZN% | @ o
',
. 0 N~ N* /|
0 K/N
COy”

OH

step (1): Compound 18a+Compound 15a—>Compound ©°

18b—=Compound (I-18)

Using Compound 18a (751 mg, 0.80 mmol) and Com-
pound 15a (430 mg, 0.80 mmol), Compound I-18 (224.2 mg,
36%) was obtained according to the same procedure as g
Example 8.

MS: 750.39 (M+H).
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'H-NMR (D,0) &: 7.01 (1H, d, ]=3.2 Hz), 6.97-6.93 (1H,
m), 6.89-6.80 (1H, m), 5.89 (1H, dd, J=10.0, 4.8 Hz), 5.36
(1H, dd, J=10.1, 5.1 Hz), 5.26-5.16 (1H, m), 4.70-4.56 (2H,
m),4.05-3.25 (12H, m), 2.19-2.50 (4H, m), 1.48 (3H, d, I=7.0
Hz). 5

Elemental analysis for C;,H;, CIN,O, ,S,Na.5.3(H,0).0.1
(NaHCO,)

Caled.: C,41.27; H, 4.80; N, 11.19; S, 7.32; Cl, 4.05; Na,
2.89(%).

Found.: C, 41.22; H,4.72; N, 11.21; S, 7.44; Cl, 4.17; Na,
2.78(%).

10

Example 19

Synthesis of Compound (I-19)

HO

OPMB 2HCI

2d 19a

19¢

S | o
H>N
: %\NMﬁ s
N N N
\ f\/ ® “UNH
€]
O

I-19

19b

126
step (1): Compound 2d+Compound 19a—+Compound 19b

A solution of Compound 2d (1.28 g, 3 mmol) in N,N-
dimethylformamide (4 mL.) was cooled to 0° C. Hydrochloric
acid salt of N-ethyl-N'-(3-dimethylaminopropyl)carbodiim-
ide (663 mg, 3.30 mmol) and 1-hydroxybenzotriazole (446
mg, 3.30 mmol) were added thereto, and then stirred at room
temperature for 30 minutes. After cooling it to 0° C. again,
Compound 19a (747 mg, 3.75 mmol) and triethylamine (1.25
ml, 9 mmol) were added, and then stirred for 1 hour. Ethyl
acetate (50 mL) and aqueous 5% sodium hydrogen carbonate
solution were added to the reaction solution, and then the
organic layer separated was washed with water, then satu-
rated brine. Drying with magnesium sulfate and then evapo-
ration in vacuo yielded Compound 19b.

Yield: 1.46 g (91%)

[Formula 65]
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'H-NMR (CDCl,) 8: 1.80-3.45 (11H, m), 3.79 (3H, s),
3.83 (3H, s), 4.94 (2H, s), 5.08 (2H, s), 6.80-7.52 (10H, m)
step (2): Compound 2g+Compound 19b—Compound
19¢—Compound (I-19)

A solution of Compound 2g (877 mg, 1 mmol), Compound
19b (537 mg, 1 mmol), and sodium bromide (206 mg, 2
mmol) in N,N-dimethylformamide (3 ml.) was stirred at
room temperature for 1 hour. The reaction solution was
diluted with 14, N-dimethylformamide (6 mL.), then cooled to
-40° C. Phosphorus tribromide (0.189 mL, 2 mmol) was
added thereto, and then stirred for 1 hour. Ice and ethyl acetate
were added there to, and then the organic layer separated was
washed with water, then saturated brine. Drying over magne-

5

10

128

C. for 50 minutes. Aqueous 2 N hydrochloric acid (60 mL),
acetonitrile (50 mL), and diethyl ether (100 ml) were added to
the reaction solution. The aqueous layer separated was
washed with diethyl ether, concentrated in vacuo, and then
subjected to HP-20SS column chromatography, eluting the
desired compound with acetonitrile-water. To the eluant, 0.02
N sodium hydroxide was added to adjust it to pH=6, and then
concentrated in vacuo. The condensate solution was lyo-
philized to yield Compound 1-19 as a white non-crystalline
powder.

Yield: 451 mg (57%)

'H-NMR (D,0) &: 1.34 (6H, s), 1.80-2.20 (4H, m), 2.21-
2.50 (1H, m) 3.15-3.90 (8H, m), 5.12 (1H, d, J=5.1 Hz), 5.71

sium sulfate, and then concentrating under reduced pressure . (1H, d, J=5.1 Hz), 6.80-6.95 (3H, m)

yielded Compound 19c. The resulting Compound 19¢ was
dissolved in methylene chloride (10 ml) and anisole (0.6 ml),
and then cooled to —40° C. 2 mol/L-aluminum chloride/ni-
tromethane solution (2.7 ml) was added, and then stirred at 0°

Example 20

Synthesis of Compound (I-20)

[Formula 66]
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step (1): Compound 20a+Compound 2d—=Compound 20b

To a solution of Compound 2d (2.14 g, 5 mmol) in N,N-
dimethylacetamide (20 mL) triethylamine (0.83 ml, 6 mmol)
was added, and then stirred at —10° C. for 5 minutes. Meth-
anesulfonyl chloride (0.51 ml, 6.5 mmol) was added in one
portion, and then stirred at —10° C. for 30 minutes. Subse-
quently, Compound 20a (0.57 g, 5 mmol) was added thereto,
and then stirred at the same temperature for 30 minutes. The
reaction solution was diluted with ethyl acetate, and then
washed with aqueous saturated sodium hydrogen carbonate
solution, water, then saturated brine. The organic layer was
then dried with magnesium sulfate. After magnesium sulfate
was filtered, the filtrate was concentrated vacuo, and then
subjected to silica gel column chromatography, eluting with
chloroform-methanol. Fractions containing the desired com-
pound were concentrated under reduced pressure to yield
Compound 20b (2.3 g, 88%).

MS: 525.83 (M+H)

'H-NMR (CDCL,) &: 1.69-1.86 (2H, m), 2.71-2.78 (1M,
m), 2.94 (3, s), 3.01 (3H, s), 3.16-3.38 (2H, m), 3.51-3.61
(1H, m), 3.79 3, s), 3.83 (3, 5), 3.87-4.16 (1H, m), 4.97
(20, 5), 5.06 (2H, s), 6.81 (2, d, J=6.8), 6.89-6.99 (41, m),
7.31-7.36 (4H, m).

step (2): Compound 20b—Compound 20c

To a solution of Compound 4c (4.09 g, 4.38 mmol) in
N,N-dimethylformamide (30 mL): Compound 20b (2.38 g,
4.38 mmol) was added, and then stirred at room temperature
for 30 minutes. The reaction solution was diluted with aque-
ous 0.2 N hydrochloric acid solution, and then separated with
ethyl acetate. The organic layer was washed with water, then
saturated brine, dried with magnesium sulfate, and then con-
centrated under reduced pressure to yield Compound 20c.

MS: 1331.53 (M+H)

Cl

PMBO COH

NH PMBO
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15

20

25

30

35

40

45

step (3): Compound 20c—Compound (I-20)

The above-described crude Compound 20c was dissolved
in methylene chloride (40 mL). Under the condition of -40°
C., 1 mol/L-phosphorus tribromide/methylene chloride solu-
tion (13.14 mL, 13.14 mmol) was added thereto, and then
stirred at —=30° C. for 30 minutes. After the reaction solution
was cooled to —-40° C. again, anisole (4.78 mL,, 43.8 mmol)
and 2 mol/L-aluminum chloride/nitromethane solution (21.9
ml, 43.8 mmol) was added, followed by stirring at 0° C. for
one hour. The reaction solution was dissolved in aqueous 1 N
hydrochloric acid solution and acetonitrile, and then the aque-
ous layer separated was washed with diisopropyl ether.
HP-20SS resin was added to the aqueous layer, concentrated,
and then subjected to ODS column chromatography, eluting
with water-acetonitrile. Fractions containing the desired
compound were collected, and then adjusted to pH=5.5 with
aqueous 0.02 N sodium hydroxide solution. Concentrating
under reduced pressure and subsequent lyophilization
yielded Compound I-20 (1.7 g, 50%) as a powder.

MS: 752.39 (M+H)

'"H-NMR (DMSO-dy) 8: 1.39 (3H, s), 1.47 (3H, s), 2.20-
2.41 (1H, br m), 2.92 (1H, br s), 2.96 (3H, s), 3.03 (3H, s),
3.51-3.96 (9H, m), 4.19-4.28 (1H, m), 5.02-5.06 (1H, br m),
5.15(1H,d,J=5.0Hz),5.77 (1H, dd, J=8.5, 5.0 Hz), 6.56-6.64
(1H, m), 6.74 (1H, s), 6.84 (1H, d, J=8.1 Hz), 7.21 (2H, s),
11.37 (1H, s).

Elemental analysis for C,,H,;;CIN.NaO,,S,.(H,0),,
(NaHCO3),

Caled.: C, 41.51; H, 4.97; Cl, 4.07; N, 11.26; Na, 2.90; O,
27.92; S, 7.36(%).

Found.: C, 41.39; 4.69; Cl, 4.60; N, 11.24; Na, 2.78; S,
7.56; (%).

Example 21

Synthesis of Compound (I-21)

[Formula 67]
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step (1): Compound 21a+Compound 2d—=Compound 21b

To a solution of Compound 21a (0.33 g, 2.57 mmol) and
Compound 2d (1.16 g, 2.70 mmol) in methylene chloride (10
mL), under the condition of 0° C., hydrochloric acid salt of
N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide (0.59 g,
3.09 mmol) was added, and then stirred at 0° C. for 30 min-
utes. The reaction solution was diluted with ethyl acetate, and
then washed with water, then saturated brine. The organic
layer separated was then dried with magnesium sulfate. After
magnesium sulfate was filtered, the filtrate was concentrated
in vacuo, and then subjected to silica gel column chromatog-
raphy, eluting with chloroform-methanol. Fractions contain-
ing the desired compound were concentrated under reduced
pressure to yield Compound 21b (0.4 g, 29%).

MS: 539.4 (M+H)

'H-NMR (CDCl;) &: 1.46-1.74 (3H, m), 1.93 (1H, brt,
J=7.8), 2.23-2.34 (1H, m), 2.27 (6H, s), 2.73-3.03 (2H, m),
3.38 (1H, brt, J=7.8),3.79 (3H, s), 3.83 (3H, 5), 4.73 (1H, brt,
J=9.2), 4.92-5.00 (2H, m), 5.06 (2H, s), 6.80 (2H, d, J=7.8),
6.90-6.98 (4H, m), 7.29-7.37 (4H, m).
step (2): Compound 21b—Compound 21c

To a solution of Compound 4c (0.83 g, 0.89 mmol) in
N,N-dimethylformamide (10 mL): Compound 21b (0.40 g,
0.74 mmol) was added, and then stirred at room temperature

45
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for 1 hour. The reaction solution was diluted with aqueous 0.2
N hydrochloric acid solution, and then separated with ethyl
acetate. The organic layer was washed with water, then satu-
rated brine, dried with magnesium sulfate, and then concen-
trated under reduced pressure to yield Compound 21c.

MS: 1345.23 (M+H)
step (3): Compound 21c—Compound (I-21)

The above-described crude Compound 21¢ was dissolved
in methylene chloride (10 mL). Under the condition of -40°
C., phosphorus tribromide (0.22 mL,, 2.23 mmol) was added
thereto, and then stirred at —=30° C. for 30 minutes. After the
reaction solution was cooled to —-40° C. again, anisole (0.81
ml, 742 mmol) and 2 mol/L-aluminum chloride/ni-
tromethane solution (3.71 mL, 7.42 mmol) were added, and
then stirred at 0° C. for 1 hour. The reaction solution was
dissolved in aqueous 1 N hydrochloric acid solution and
acetonitrile, and then washed with diisopropyl ether.
HP-20SS resin was added to the aqueous layer separated,
concentrated, subjected to ODS column chromatography,
eluting with water-acetonitrile. Fractions containing the
desired compound were collected, and then adjusted to
pH=5.5 with aqueous 0.0 N sodium hydroxide solution. Con-
centrating under reduced pressure, and subsequent lyo-
philization yielded Compound I-21 (301 mg, 52%) as a pow-
der.

MS: 766.41 (M+H)
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'H-NMR (D,0) &: 1.49 (6H, d, J=5.2 Hz), 1.68-1.98 (2H,
m), 2.17 (1H, t, J=9.1 Hz), 2.40 (1H, d, J=9.1 Hz), 2.86-3.01
(5H, m), 3.06 (3H, s), 3.13-3.32 (1H, m), 3.46 (1H, d, 17.4
Hz), 3.64-3.78 (2H, m), 3.89-4.02 (2H, m), 4.94 (1H, d,
J=17.4 Hz), 5.37 (1H, d, J=5.0 Hz), 5.87 (1H, d, J=5.0 Hz),
6.80 (1H, dd, J=22.4, 8.3 Hz), 6.93 (1H, dd, J=8.3, 4.0 Hz),
6.97 (1H, s)

Elemental analysis for C;;H,,CIN_-NaO,,S,. (H,O), .
(NaHCO,), ,

Caled.: C, 40.72; H, 5.33; Cl, 3.86; N, 10.69; Na, 2.76; O,
29.65; S, 6.99(%).

Found.: C, 40.65; H, 5.33; Cl, 3.86; N, 10.68; Na, 2.91; S,
7.17; (%).

Example 22

Synthesis of Compound (I-22)

S
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N hydrochloric acid were added to the reaction solution. The
organic layer was extracted by separation, washed with 0.2 N
hydrochloric acid, then saturated brine, and then dried with
magnesium sulfate. Filtrating, concentrating, and then drying
under reduced pressure yielded Compound 22a as a foamed
solid. The obtained compound 22a was used in the next reac-
tion without purification.

step (2): Compound 22a—Compound (I-22)

The whole amount of 22a obtained was dissolved in meth-
ylene chloride (11 ml). After cooling to —-40° C., phosphorus
tribromide (0.15 ml, 1.55 mmol) was added thereto. After
stirring at =90° C. for 1 hour, anisole (0.85 ml, 7.74 mmol)
followed by 2 mol/L-aluminum chloride/nitromethane solu-
tion (3.9 ml, 7.79 mmol) were added, and then stirred at 0° C.
for 50 minutes. Distilled water, acetonitrile, diisopropyl ether,
and aqueous 2 N hydrochloric acid were added to the reaction
solution, then stirred for a while, and consequently the
insoluble appeared. The supernatant and the insoluble were
then separated by decantation. The aqueous layer was sepa-

[Formula 68]
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step (1): Compound 8a+Compound 4b—Compound 22a

Compound 8a (0.892 g, 1.00 mmol) and sodium bromide
(0.206 g, 2.00 mmol) were added to N,N-dimethylformamide
(3.0 ml), cooled to 0° C., and then stirred for 10 minutes.
Compound 4b (0.551 g, 1.00 mmol) was added, and then
stirred at room temperature for 3 hours. Ethyl acetate and 0.2

O Cl
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rated from the supernatant, and then combined with the
insoluble. To the insoluble, 2 N hydrochloric acid and aceto-
nitrile was added to dissolve the insoluble, and then HP-20SS
resin was added thereto, followed by concentration. The
resulting mixed solution was then purified by HP and ODS
chromatography. Fractions containing the desired compound
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were collected, adjusted to pH=6.7 with aqueous 0.2 N
sodium hydroxide solution, and then adjusted to a pH of 6 or
less by adding dry ice. The solution was concentrated in
vacuo, and then lyophilized to yield 1-22 as a white powder.

Yield: 248 mg (42%)

'H-NMR (D,0) §: 7.00 (1H, s), 6.93 (1H, d, J=8.5 Hz),
6.84-6.77 (1H, m), 5.89-5.85 (1H, m), 5.36-5.32 (1H, m),
4.94-231 (16H, m), 1.46 (3H, d, I=7.0 Hz).

MS (m+1)=736

Elemental analysis for C,oH,,CIN,NaO, ,S,(NaHCO;), 5
(H,0),

Caled.: C,39.48; H, 4.67; C1,3.98; N, 11.00; 3, 7.19; Na,
3.35(%).

Found.: C, 39.43; H, 4.69; Cl, 4.45; N, 11.11; S, 6.85; Na,
3.09(%).

Example 23

Synthesis of Compound (I-23)

136
step (1): Compound 8a+Compound Sb—Compound
23a—Compound (I-23)

Treating Compound 8a (0.778 g, 0.872 mmol) and Com-
pound 5b (0.421 g, 0.785 mmol) using the same method as
Example 22 gives Compound 1-23 as a white powder.

Yield: 317 mg (47%)

'H-NMR (D,0) &: 7.01-6.99 (1H, m), 6.96-6.92 (1H, m),
6.84-6.80 (1H, m), 5.89-5.85 (1H, m), 5.38-5.34 (1H, m),
4.90-2.22 (18H, m), 1.46 (3H, d, I=7.1 Hz).

MS (m+1)=773

Elemental analysis for C;,H;, CIN,NaO, ,S,(NaHCO,), ,
(H2O)8.9

Caled.: C,38.42; H, 5.24; C1, 3.77; N, 10.42; S, 6.82; Na,
2.69(%).

Found.: C, 38.35; H, 5.02; C1,3.79; N, 10.54; S, 7.10; Na,
2.76(%).
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0 cl
S OPMB
0 K\N
BocHN—<\ | o N
\ i L\
| NI S OPMB
5b
N\O
N __~# al
[T
o) OPMB
t-BuO
8a
S
0
BocHN—<\ | o
N NH S| 0 cl
1\! OPMB
~o ® N —
N __~# N@
i
© OPMB
0 Br
o) OPMB o

t-BuO
23a

S
O
HZN—<\ |
N

NH

o @

1-23

0 cl
S
ﬁ\ oH
® N
0 N A N @
oH
0 o



US 9,145,425 B2

137 138
Example 24

Synthesis of Compound (I-24)

H,N. CO,H Br. CO,H Br CO,BH
24a 24b 24c¢
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step (1): Compound 24a—Compound 24b

Compound 24a (5.14 g, 49.8 mmol) and potassium bro-
mide (20.76 g, 174 mmol) were dissolved in 2 N sulfuric acid
(150 ml). Sodium nitrite (5.16 g, 74.8 mmol) was added
thereto, and then stirred at 0° C. for 2 hours. Sodium nitrite
(1.03 g, 14.9 mmol) was further added, and then stirred at O
for 1 hour. Ethyl acetate was then added thereto, followed by
extraction. The organic layer was washed with aqueous 10%
sodium hydrogen sulfite solution, distilled water, then satu-
rated brine, dried with anhydrous sodium sulfate, filtered,
concentrated, and then dried under reduced pressure to yield
Compound 24b as a colorless oil.

Yield: 7.15 g (86%)

'H-NMR (CDCl,) 8: 4.20 (1H, dd, J=7.8, 6.7 Hz), 2.19-
1.98 (2H, m), 1.07 (3H, t, J=7.3 Hz).
step (2): Compound 24b—Compound 24c

Compound 24b (7.15 g, 42.8 mmol) was dissolved in tet-
rahydrofuran (35 ml), and then diphenyldiazomethane (9.15
g, 47.1 mmol) was added thereto. After stirring at room tem-
perature for 2 hours, distilled water and ethyl acetate were
added, and then extracted. The organic layer was washed with
saturated brine, dried with anhydrous magnesium sulfate,
filtered, concentrated, dried under reduced pressure, and then
purified by silica gel column chromatography to yield Com-
pound 24c as a colorless oil.

Yield: 9.06 g (64%)

'H-NMR (CDCl,) 8: 7.38-7.27 (10H, m), 6.88 (1H, s),
4.26 (1H, dd, J=7.7, 6.6 Hz), 2.18-1.96 (2H, m), 0.98 (3H, q,
J=6.8 Hz).
step (3): Compound 24c—Compound 24d.

To N-hydroxyphthalimide (4.44 g, 27.2 mmol) and potas-
sium carbonate (3.76 g, 27.2 mmol), N,N-dimethylforma-
mide (120 ml) was added, and then stirred at room tempera-
ture for 30 minutes. Compound 24c¢ (9.06 g, 27.2 mmol) was
added to the reaction solution, and then stirred at room tem-
perature for 2 hours. Ethyl acetate and distilled water were
added to the reaction solution, and then extracted. The
organic layer was washed with aqueous saturated brine, and
consequently crystallized. After filtration, the residue filtrated
was dried under reduced pressure to yield Compound 24d as
a white solid.
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Yield: 6.19 g (55%)

'H-NMR (CDCl,) &: 7.78-7.70 (4H, m), 7.35-7.20 (10H,
m), 6.94 (1H, s), 4.87 (1H, t, J=6.4 Hz), 2.08-2.02 (2H, m),
1.07 (3H, t, I=7.5 Hz).
step (4): Compound 24d+Compound 24e—Compound 24f

Compound 24d (6.19 g, 14.9 mmol) was dissolved in meth-
ylene chloride (60 ml), then cooled to -30° C., and then
methylhydrazine (0.793 ml, 14.9 mmol) was added thereto.
After stirring at =30° C. for 2 hours, the insoluble was filtered.
The reaction solution was diluted with methanol (30 ml), and
then Compound 24e (4.06 g, 14.9 mmol) was added thereto.
After stirring at room temperature for 2 hours followed by
concentration in vacuo, ethyl acetate and distilled water were
added, and then extracted. The organic layer was washed with
saturated brine, dried with anhydrous magnesium sulfate,
filtered, concentrated, and then dried under reduced pressure
to yield Compound 24f as a brown solid. The obtained com-
pound 24f was used in the next reaction without purification.
step (5): Compound 24f—Compound 24g

Compound 24f (8.00 g, 14.8 mmol) and Compound 24;j
(6.69 g, 14.8 mmol) were suspended in ethyl acetate (70 mL),
and then cooled to —40° C. Phenylphosphoryl dichloride
(2.26 ml, 14.8 mmol) and N-methylmorpholine (4.89 ml,
44.5 mmol) were added thereto, and then stirred at —40° C. for
2.5 hours. After warming to 0° C., aqueous 10% citric acid
solution was added thereto, and then extracted. The organic
layer was washed with aqueous 10% sodium hydrogen car-
bonate, then saturated brine, dried with anhydrous magne-
sium sulfate, filtered, concentrated, dried under reduced pres-
sure, and then purified by silica gel column chromatography
to yield Compound 24g as a brown solid (10.6 g, 76% yield).

Yield: 10.6 g (76%)

'H-NMR (CDCl;) &: 8.22 (1H, d, J=8.2 Hz), 7.46-7.18
(21H, m), 6.97 (1H, s), 6.92 (1H, s), 5.95 (1H, dd, J=8.2, 5.0
Hz), 5.05 (1H, d,J=5.0Hz), 4.97 (1H, dd, J=7.1, 5.3 Hz), 4.50
(1H, d, J=11.6 Hz), 4.38 (1H, d, I=11.6 Hz), 3.57 (1H, d,
J=18.0 Hz),3.42 d, J=18.0 Hz), 2.06-1.96 (2H, m), 1.82 (9H,
s), 1.00 (3H, t, I=7.4 Hz).
step (6): Compound 24g—Compound 24h

Compound 24g (10.5 g, 11.2 mmol) was dissolved in meth-
ylene chloride (105 ml), then cooled to —50° C., and then
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m-chloroperbenzoic acid (2.98 g, 11.2 mmol) was added.
After stirring at =50° C. for 2.5 hours, ethyl acetate was
added, and then methylene chloride was evaporated in vacuo.
Aqueous 10% sodium hydrogen sulfite solution was added,
and then extracted. The organic layer was washed with aque-
ous 5% sodium hydrogen carbonate, then saturated brine,
dried with anhydrous magnesium sulfate, filtered, concen-
trated, and then dried under reduced pressure to yield Com-
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O
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Found.: C, 40.85; H, 4.84; C1,4.15; N, 11.11; S, 7.29; Na,
2.95(%).

Example 25

Synthesis of Compound (I-25)
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pound 24 h as a brown solid (yield: 9.10 g (85%)). The
obtained Compound 24 h was used for next reaction without
purification.

step (7): Compound 24h—Compound (I-24)

Compound 24h (0.952 g, 1.00 mmol) was treated using the
same method as Example 22 to obtain Compound [-24.

Yield: 356 mg (46%)

'H-NMR (D,0) 8: 6.99-6.91 (2H, m), 6.86-6.80 (1H, m),
5.88-5.84 (1H, m), 5.36-5.32 (1H, m), 4.92-2.36 (16H, m),
1.91-1.82 (2H, m), 0.96 (3H, t, I=7.4 Hz).

MS (m+1)=750

Elemental analysis
(Hx0)s.4

Caled.: C, 40.93; H, 4.78; Cl, 4.00; N, 11.06; S, 7.24; Na,
3.11(%).

C;0H;; CIN,;NaO, ,S,(NaHCO,), ,

step (8): Compound 24h—Compound (I-25)
Compound 24h (0.952 g, 1.00 mmol) was treated with the
same method as Example 22 to obtain Compound 1-25.
Yield: 478 mg (61%)
'H-NMR (D,0) &: 6.97-6.92 (2H, m), 6.83-6.79 (1H, m),
5.87-5.83 (1H, m), 5.37-5.33 (1H, m), 4.92-2.34 (18H, m),
60 1.90-1.81 (2H, m), 0.96 (3H, t, J=7.4 Hz).
MS (m+1)=764
Elemental analysis for C;, H;;CIN,NaO, ;S,(NaHCO,), ,
H,0)s ,
Caled.: C, 41.38; H, 4.96; C1,3.91; N, 10.83; S, 7.08; Na,
65 3.05(%).
Found.: C, 41.38; H, 5.01; Cl1,3.87; N, 10.91; S, 7.32; Na,
2.80(%).
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Example 26

Synthesis of Compound (I-26)

[Formula 72]
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step (1): Compound 26a—Compound 26b

Compound 26a (10.0 g, 69.9 mmol) was dissolved in N,N-
dimethylformamide (70 ml), then cooled to 0° C., and then
60% sodium hydride/mineral oil (3.07 g, 77.0 mmol) was
added thereto. After stirring at 0° C. for 30 minutes, p-meth-
oxybenzyl chloride (11.4 ml, 77.0 mmol) was added. The
reaction solution was then stirred at 50° C. overnight. Sodium
hydride (3.07 g, 77.0 mmol), p-methoxybenzyl chloride (11.4
ml, 77.0 mmol) and sodium iodide (12.6 g, 84.0 mmol) were
added, and then stirred for another 1 hour, and then ethyl
acetate and distilled water were added, followed by extrac-
tion. The organic layer separated was washed with saturated
brine and dried with anhydrous sodium sulfate. After the
inorganic, substance was Entered, the filtrate was concen-
trated, dried under reduced pressure, and then purified by
column chromatography, Compound 26b was obtained as a
brown oil.

Yield: 11.7 g (64%)

'H-NMR (CDCl,) 8: 7.38 (2H, d, J=8.6 Hz), 6.92 (2H, d,
J=8.6 Hz), 6.53 (1H, s), 5.24 (2H, 5), 3.94 (3H, s), 3.82 (3H,
s).
step (2): Compound 26b—Compound 26¢

Compound 26b (11.7 g, 44.4 mmol) was dissolved in etha-
nol (120 ml), then cooled to 0° C., and then sodium borohy-
dride (3.36 g, 89.0 mmol) was added. After stirring at 0° C. for
2.5 hours, aqueous saturated ammonium chloride solution
and ethyl acetate were added, followed by extract ion. The
organic layer separated was washed with saturated brine and
dried with anhydrous magnesium sulfate. After the inorganic
substance was filtered, the filtrate was concentrated and sub-
sequently dried under reduced pressure, Compound 26¢ was
obtained as a brown oil.

Yield: 9.47 g (91%)

'H-NMR (CDCl,) 8: 7.37 (2H, d, J=8.8 Hz), 6.91 (2H, 4,
J=8.8 Hz), 5.88 (1H, s), 5.18 (2H, s), 4.65 (2H, d, J=5.8 Hz),
3.81 (3H, s).

| NH s
N\ @//\N
9 N = Nevon n,,

g .
®
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OH

OH

1-26

step (3): Compound 26c—Compound 26d

Compound 26¢ (9.47 g, 40.3 mmol) was dissolved in tet-
rahydrofuran (110 ml), and then N-hydroxyphthalimide (7.88
g, 48.3 mmol) and triphenylphosphine (12.7 g, 48.3 mmol)
were added thereto. After cooling to 0° C., diisopropyl azodi-
carboxylate (9.39 ml, 48.3 mmol) was added thereto. The
reaction solution was stirred at room temperature for 3 hours,
and then concentrated. Methanol and tetrahydrofuran were
added to the concentrated residue for solidification, and then
filtered to yield Compound 26d as a white solid.

Yield: 8.10 g (53%)

'"H-NMR (CDCl,) &: 7.86-7.83 (2H, m), 7.78-7.75 (2H,
m), 7.37 (2H, d, J=8.7 Hz), 6.91 (2H, d, J=8.7 Hz), 6.18 (1H,
s), 5.20 2H, s), 5.19 (2H, s), 3.82 (3H, s).
step (4): Compound 26d—Compound 26e

Compound 26d (8.10 g, 21.3 mmol) was treated using the
same method as example 24 to obtain Compound 26e.

Yield: 10.8 g (quant.)

'H-NMR (CDCl,) &: 7.34 (2H, d, J=8.9 Hz), 6.88 (2H, d,
J=8.9 Hz), 5.98 (1H, s), 5.14 (4H, s), 3.80 (3H, s), 1.53 (9H,
s).

Step (5): Compound 26e—Compound 261

Compound 26e (10.7 g, 21.3 mmol) was treated using the
same method as Example 24 to obtain Compound 26f.

Yield: 13.7 g (72%)

'"H-NMR (CDCI,) 8: 8.71 (1H, br s), 7.46-7.22 (13H, m),
6.94 (1H, s), 6.90 (1H, s), 6.87 (1H, s), 6.04 (1H, dd, J=9.1,
5.0 Hz), 5.99 (1H, s), 5.30 (1H, d, I=14.4 Hz), 5.21 (1H, d,
J=14.4 Hz), 5.15 (2H, 5), 5.09 (1H, d, J=5.0 Hz), 4.49 (1H, d,
J=11.8 Hz), 4.34 (1H, d, J=11.8 Hz), 3.79 (3H, s), 3.63 (1H,
d, J=18.4 Hz), 3.46 (1H, d, J=18.4 Hz), 1.50 (9H, s).

Step (6): Compound 26f—Compound 12a

Compound 261 (13.6 g, 15.1 mmol) was treated using the
same method as Example 24 to obtain Compound 12a.

Yield: 7.45 g (54%)
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'H-NMR (CDCl,) 8: 7.62 (1H, d, I=10.0 Hz), 7.45 (2H, d,
J=7.8 Hz), 7.37-7.28 (10H, m), 6.95 (1H, s), 6.92-6.86 (2H,
m), 6.20 (1H, dd, J=10.0, 4.9 Hz), 6.04 (1H, s), 5.23 (2H, s),
5.19-5.15 (3H, m), 4.93 (1H, d, J=12.4 Hz), 4.59 (1H, dd,
J=4.8, 1.4 Hz), 4.18 (1H, d, I=12.4 Hz), 3.81-3.72 (4H, m),
336 H, d, J=18.3 Hz), 1.54 (9H, s).

Step (7): Compound 12a+Compound 4b—Compound 26g

Compound 12a (0.917 g, 1.00 mmol) and sodium iodide
(0.300 g, 2.00 mmol) were dissolved in N,N-dimethylforma-
mide (3.0 ml), and then stirred at room temperature for 5
minutes. After the reaction solution was cooled to 0° C.,
Compound 4b (0.366 g, 0.700 mmol) was added, and then
stirred at room temperature for 30 minutes. After the reaction
solution was cooled to 0° C., potassium iodide (0.300 g, 2.00
mmol) and acetyl chloride (0.285 ml, 4.00 mmol) were
added, and then stirred at 0° C. for 1 hour. Distilled water
containing 10% of'sodium hydrogen sulfite and 5% of sodium
chloride was poured into the reaction solution. The precipi-
tated deposits were filtered, and then the residue was sus-
pended in distilled water, and then lyophilized to yield Com-
pound 26g as a yellow solid. The obtained Compound 26g
was used in the next reaction without purification.

Step (8): Compound 26g—Compound (I-26)

The whole amount of Compound 26g obtained was dis-
solved in methylene chloride (13 ml), then cooled to -20° C.,
and then anisole (0.944 ml, 8.65 mmol) followed by 2 mol/
L-aluminum chloride/nitromethane solution (4.32 ml, 8.65
mmol) were added thereto, subsequently stirring at 0° C. for
1 hour. Distilled water, acetonitrile, diisopropyl ether, and
aqueous 2 N hydrochloric acid were added to the reaction

S O
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N

I
| NH 8
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0 N A
d
= 0 OBH
o
\ =
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S 0
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| NH s
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solution, and then stirred for a while, and consequently the
insoluble appeared. The supernatant and the insoluble were
separated by decantation, and then the aqueous layer was
separated from the supernatant, subsequently combined with
the insoluble. To the insoluble, 2 N hydrochloric acid and
acetonitrile was added to dissolve the insoluble, and then
HP-20SS resin was added thereto, followed by concentration.
The resulting mixed solution was then purified by HP and
ODS chromatography. Fractions containing the desired com-
pound were collected, adjusted to pH=6.7 with aqueous 0.2 N
sodium hydroxide solution, and then adjusted to a pH of 6 or
less by adding dry ice. The solution was concentrated in
vacuo, and then lyophilized to yield 1-26 as a white powder.

Yield: 203 mg (30%)

'"H-NMR (DMSO-dy) 8: 6.83-6.69 (3H, m), 6.60-6.43 (1H,
m), 5.93 (1H, s), 5.66-5.62 (1H, m), 5.12-4.90 (4H, m), 4.54-
435 (1H, m), 4.25-4.00 (2H, m), 3.83-3.23 (7H, m), 2.20-
1.96 (1H, m).

MS (m+1)=761

Elemental analysis for C;H,,CINgNaO, ,S,(NaHCO;), ,
Hy0)s.4

Caled.: C,39.63; H, 4.59; C1,3.89; N, 12.28; S, 7.03; Na,
2.77 (%).

Found.: C, 39.62; H, 4.59; C1,3.99; N, 12.37; S, 6.98; Na,
2.15 (%).

Example 27

Synthesis of Compound (I-27)

[Formula 73]
e} Cl
OPMB
N
L
OPMB
al 5b
e} Cl
OPMB
® N R —
A
OPMB
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Step (1): Compound 12a+Compound 5b—Compound 27a MS (m+1)=775
Compound 12a (0.917 g, 1.00 mmol) and Compound Sb Elemental analysis for C5, H,,CINNaO, ,S,(NaHCO,), ,

(0.376 g, 0.700 mmol) were used and treated using the same 20 (H,0), 5

way as Example 26 to obtain Compound 27a as a yellow

solid. The Compound 27a obtained was used in the next Caled.: C, 40.25; H, 4.75; C1, 3.82; N, 12.07; 8, 6.91; Na,

reaction without purification. 272 (%).

Step (2): Compound 27a—=Compound (I-27) Found.: C, 40.28; H, 4.81; C1,3.87; N, 12.25; S, 7.07; Na,
Compound 27a was treated using the same method as ,5 2.07 (%).

Example 26 to obtain Compound 1-27.

Yield: 330 mg (51%) E le 28
'H-NMR (DMSO-d,) 8: 6.79-6.70 (3H, m), 6.58-6.48 (11, xampie

m), 5.98-5.90 (1H, m), 5.70-5.61 (1H, m), 5.16-4.88 (6H, m),

4.78-2.83 (11H, m), 2.30-1.94 (6H, m). Synthesis of Compound (I-28)

[Formula 74]
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Step (1): Compound 28a—Compound 28b

Compound 28a (5.57 g, 9.11 mmol) was treated using the
same method as Example 24 to obtain Compound 28b. The
Compound 28b obtained was used in the next reaction with-
out purification.

Yield: 6.8 g (quant.)

Step (2): Compound 28b—Compound 28¢

Compound 28b (6.7 g, 9.11 mmol) was treated using the
same method as Example 24 to obtain Compound 28c.

Yield: 13.7 g (76%)

'H-NMR (CDCl,), §: 8.07 (1H, br s), 7.63 (1H, d, J=8.8
Hz), 7.46-7.18 (31H, m), 6.95 (1H, s), 6.88 (2H, s), 5.81 (1H,
dd, J=8.5, 5.0 Hz), 5.49 (1H, dd, J=8.5, 4.9 Hz), 4.97 (1H, d,
J=4.9 Hz),4.51 (1H, d, J=11.7 Hz), 4.28 (1H, d, J=11.7 Hz),
3.44 (1H, d, J=17.8 Hz), 3.29 (1H, d, J=17.8 Hz), 3.19-3.13
(2H, m), 1.51 (9H, s).

Step (3): Compound 28¢—=Compound 9a

Compound 28c (7.8 g, 6.89 mmol) was treated using the

same method as Example 24 to obtain Compound 9a.
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Yield: 6.08 g (77%)

'H-NMR (CDCl,) &: 7.74 (1H, d, J=9.5 Hz), 7.47-7.16
(31H,m), 6.94 (1H,s), 6.87 (1H, s), 6.86 (1H, s), 6.06 (1H, dd,
J=9.5, 4.9 Hz), 5.47-5.43 (1H, m), 4.98-4.60 (2H, m), 4.28-
4.26 (1H, m), 4.06 (1H, d, J=11.4 Hz), 3.42 (1H, d, J=18.3
Hz),3.22-3.20 (2H, m), 3.06 (1H, d, J=18.3 Hz), 1.51 (9H, s).
Step (4): Compound 9a—Compound (I-28)

Compound 9a (0.917 g, 1 mmol) was treated using the
same method as Example 26 to obtain Compound 1-28.

Yield: 40 mg (7%)

'"H-NMR (D,0) §: 7.00-6.80 (3H, m), 5.84-5.28 (3H, m),
5.10-2.35 (15H, m).

Elemental analysis for C;,H,5 ;CIN,Na, ,O,,S,(H,0),,

Caled.: C, 35.48; H, 4.99; Cl, 3.49; N, 9.65; S, 6.31; Na,
3.85 (%).

Found.: C, 35.30; H, 4.78; CI, 3.89; N, 9.58; S, 6.00; Na,
4.52 (%).
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Example 29
Synthesis of Compound (I-29)
[Formula 75]
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Step (1): Compound 29a—Compound 29b

Compound 29a (6.7 g, 9.11 mmol) was treated using the
same method as Example 24 to obtain Compound 29b. The
Compound 29b obtained was used in the next reaction with-
out purification.

Yield: 5.64 g (76%)

Step (2): Compound 29b—=Compound 29¢

Compound 29b (6.7 g, 9.11 mmol) was treated using the
same method as Example 24 to obtain Compound 29¢. The
Compound 29¢ obtained was used in the next reaction with-
out purification.

Yield: 12.1 g (90%)

Step (3): Compound 29¢—=Compound 29d

N-hydroxyphthalimide (5.49 g, 33.7 mmol), Potassium
carbonate (3.94 g, 28.5 mmol), and tetrabutylammonium bro-
mide (0.835 g, 25.9 mmol) were dissolved in water (60 ml)
and ethyl acetate (100 ml). Compound 29¢ (12.1 g, 25.9
mmol) was added to the reaction solution, then stirred at room
temperature for 5 hours, and then the reaction solution was
filtered. The organic layer was separated, washed with aque-
ous saturated sodium hydrogen carbonate, then saturated
brine, and then dried with anhydrous magnesium sulfate.
After the inorganic substance was filtered, the filtrate was
concentrated, and then dried under reduced pressure. Diiso-
probyl ether and methanol were added to the concentrated
residue to crystallize it. The precipitation was filtered, and
then washed with isopropanol to yield. Compound 29d as a
white solid.

Yield: 5.11 g (40%)

'H-NMR (CDCl,) 8: 7.78-7.71 (4H, m), 7.38-7.21 (10H,
m), 6.92 (1H, s), 6.49 (1H, brs), 5.46 (1H, brs), 5.25 (1H, dd,
J=7.5,5.0 Hz), 3.04-2.95 (2H, m).

Step (4): Compound 29d—Compound 29e

Compound 29d (3.63 g, 8.17 mmol) was treated using the
same method as Example 24 to obtain Compound 29e.

Yield: 4.06 g (quant.)

'H-NMR (CDCl,) 8: 7.33-7.07 (11H, m), 6.84 (1H, s),
5.24-5.15 (1H, m), 2.89-2.74 (2H, m).
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Step (5): Compound 29e—Compound 29f

Compound 29 (4.06 g, 8.18 mmol) was treated using the
same method as Example 24 to obtain Compound 29f.

Yield: 4.64 g (59%)

'H-NMR (CDCl,) &: 8.21 (1H, br s), 8.09 (1H, d, 9.9 Hz),
7.42-7.25(21H, m), 6.99 (1H, 5), 6.90 (1H, s), 6.23 (1H, brs),
6.08 (1H, dd, J=9.9, 5.2 Hz), 5.43-5.36 (2H, m), 5.07 (1H, d,
J=5.2Hz), 4.54 (1H, d, J=11.9 Hz), 4.38 (1H, d, J=11.9 Hz),
3.56 (1H, d, J=18.0 Hz), 3.40 (1H, d, J=18.0 Hz), 2.75-2.72
(2H, m), 1.54 (9H, s).

Step (6): Compound 29f—Compound 29¢g

Compound 291 (4.64 g, 4.81 mmol) was treated using the
same method as Example 24 to obtain Compound 29g.

Yield: 4.33 g (92%)

'H-NMR (CDCl,) &: 8.18 (1H, d, J=9.7 Hz), 7.45-7.25
(21H,m), 6.95(1H, s), 6.92 (1H, 5), 6.59 (1H, brs), 6.18 (1H,
dd, J=9.7, 4.8 Hz), 5.41-5.38 (1H, m), 4.93 (1H, d, J=12.3
Hz), 4.52 (1H, d, J=4.8 Hz), 4.19 (1H, d, J=12.3 Hz), 3.71
(1H, d, J=18.9 Hz), 3.28 (1H, d, J=18.9 Hz), 2.81-2.79 (2H,
m), 1.54 (9H, s).

Step (7): Compound 29g—Compound (I-29)

Compound 29g was treated using the same method as
Example 26 to obtain Compound 1-29.

Yield: 146 mg (18%)

'"H-NMR (D,0) &: 7.01 (1H, s), 6.95-6.91 (1H, m), 6.84-
6.77 (1H, m), 5.86-5.82 (1H, m), 5.35-5.31 (1H, m), 4.94-
2.35 (16H, m).

MS (m+1)=779

Elemental analysis for C; H;,CIN NaO,,S,(NaHCO;)
0.16(H2O)6.0

Caled.: C,39.26; H, 4.61; C1,3.84; N, 12.14; S, 6.95; Na,
2.89 (%).

Found.: C,39.35; H, 4.67, Cl1,3.84; N, 12.01; S, 6.89; Na,
2.77 (%).
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Synthesis of Compound (I-30)
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The whole amount of Compound 30c obtained was dis-
solved in methylene chloride (12 ml), then cooled to -40° C.,
and then anisole (1.12 ml, 10.24 mmol) followed by 2 mol/
L-titanium tetrachloride/methylene chloride solution (5.12

[Formula 76]
OPMB
OPMB
—_—
HN
~N \J
OPMB
OPMB
R —
I@
T oom
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HN

Step (1): Compound 30a+Compound 30b—Compound 55 ml, 10.24 mmol) were added thereto, subsequently stirring at

30c—Compound (I-30)

To a solution of Compound 30a (826 mg, 1.0 mmol) in
N,N-dimethylformamide (3 mL), potassium iodide (332 mg,
2.0 mmol) was added and then stirred at room temperature for
10 minutes. Compound 30b (535 mg, 1.0 mmol) was added to
the reaction solution, and then stirred at 40° C.: for 3 hours.
N,N-dimethylformamide (2 m[) was added thereto, and then
the reaction solution was slowly added to pre-ice-cooled
aqueous 5% sodium chloride containing 1g of sodium thio-
sulfate. The precipitated solid was then filtered. The residue
was washed with water, suspended in water, and then lyo-
philized to yield Compound 30c as a light orange solid.

60

CC for 1 hour. 2 N hydrochloric acid, acetonitrile, and diiso-
propyl ether were added to the reaction solution, then stirred,
and then the organic layer was removed. Water, acetonitrile,
and diisopropyl ether were added thereto again, and then
stirred to completely dissolve the insoluble. After the organic
layer was extracted with water, HP20-SS resin was added to
the aqueous layer, and then acetonitrile was evaporated under
reduced pressure. The resulting mixed solution was purified
by HP20SS column chromatography. To the obtained frac-
tions containing the intended compound, aqueous 0.2 N
sodium hydroxide solution was added until pH became equal
to 6.0. One piece of dry ice was then added to neutralize the
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excess sodium hydroxide. The resulting solution was concen- Calcd.: C, 38.85; H, 4.33; C1,3.93; N, 13.99; S, 7.12; Na,

trated in vacuo, and then lyophilized to yield Compound I-30 2.93 (%).

as an orange powder. . . . . . .
Yield: 239 mg, (27%) , 9133031/1()1 C,38.81;H,3.98;,Cl,3.92; N, 13.82; S, 7.21; Na,
'H-NMR (D,0) é: 7.41 (1H, s), 7.06 (1H, d, J=8.39 Hz), ’ ’

7.00(1H,s), 6.91 (1H,d,J=8.39 Hz), 5.76 (1H, d, J=4.70 Hz),

5.22 (1H, t, J=7.47 Hz), 4.92 (1H, t, J=2.27 Hz), 4.65 (1H, t, Example 31

J=2.27 Hz), 4.16 (2H, t, J=8.23 Hz), 4.07 (2H, s), 3.74-3.46

(2H, m), 1.48 (6H, d, J=4.53 Hz).

Elemental analysis for: 10 )
C,oH,,CIN,O, ,S,Na.0.15NaHCO,.5.8H,0 Synthesis of Compound (I-31)
[Formula 77]
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Step (1): Compound 31a—=Compound 13a

Compound 2d was dissolved in N,N-dimethylacetamide
(20 mL), and then triethylamine (0.97 mL, 7.00 mmol) was
added thereto, subsequently cooled to —15° C. Methanesulfo-
nyl chloride (0.55 mL, 7.00 mmol) was added to the reaction
solution, and then stirred for 30 minutes. Compound 3 1a (ref.
J. Med. Chem., 1986, 29 (10), pp. 1814-1820) (2.144 g, 5
mmol) was added to the reaction solution, and then stirred at
-10° C. Purified water, acetonitrile, and HP20SS resin were
added to the reaction solution, concentrated under reduced
pressure, and then subjected to ODS chromatography, eluting
with aqueous 0.02 N hydrochloric acid-acetonitrile. Fractions
containing the intended compound were concentrated to
evaporate acetonitrile. Aqueous 2 N sodium hydroxide solu-
tion was added to the resulting solution to adjustitto pH 11.5,
and then the aqueous layer was extracted with ethyl acetate.
The organic layer was washed with saturated brine, then dried
with magnesium sulfate, and then magnesium sulfate was
filtered. Concentrating in vacuo yielded Compound 13a.
(Yield: 1.55 g, Yield: 58%)

'H-NMR (CDCl,) &: 7.39-7.28 (4H, m), 7.01-6.89 (4H,
m), 6.85-6.76 (2H, m), 5.06-4.61 (4H, m), 3.83 (3H, s), 3.79
(3H, s), 3.44-2.51 (5H, m), 2.31-1.41 (8H, m).

Step (2): Compound 13a—Compound 31b—Compound
1-31)

Compound 4c¢ (1.14 g, 1.11 mmol) was dissolved in N,N-
dimethylacetamide (3.3 mL). Compound 13a (659 mg, 1
mmol) was added thereto, and then stirred at room tempera-
ture for 1 hour. Purified water was added to the reaction
solution, and then extracted with ethyl acetate. The organic
layer was washed with purified water, then saturated brine,
and then dried with magnesium sulfate. After filtering the
magnesium sulfate, the solvent, was evaporated under

reduced pressure to yield Compound 31b.
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Compound 31b was dissolved in methylene chloride (15
mL), and then cooled to -50° C. Phosphorus tribromide
(0.189 mL, 2 mmol) was added thereto, and then stirred at
-50° C. for 1 hour. Subsequently, anisole (1.09 mL, 10 mmol)
and 2 mmol/L, aluminum chloride nitromethane solution (5
ml, 10 mmol) were added, and then stirred at 0° C. Purified
water (30 mL) and diisopropyl ether (50 mL.) were then added
to the reaction solution. Acetonitrile and 2 N hydrochloric
acid were added to the reaction solution to dissolve the pre-
cipitation, and then the aqueous layer was separated. The
organic layer was then extracted with water/acetonitrile/di-
Iuted hydrochloric acid-mixed solution. HP20SS was added
to the combined aqueous layer, and then concentrated. The
concentrated suspension was subjected to HP20SS/ODS col-
umn chromatography, eluting with water-acetonitrile. For the
eluted fractions containing the intended compound, aqueous
0.2 N sodium hydroxide was used to adjust them to pH=6.0,
and thereby a sodium salt thereof was formed. After concen-
trating in vacuo, the condensate solution was lyophilized to
yield Compound 1-31 as a powder. (Yield: 623 mg, Yield:
72%)

MS (m+1)=764.25

Elemental analysis for C;,H;;CIN,O, ,S,Na(NaHCO,), ,
H0)s5

Caled.: C, 41.29; H, 4.98; C1, 3.91; N, 10.80; S, 7.07; Na,
3.04.

Found.: C, 41.33; H, 4.95; Cl,4.03; N, 10.53; S, 7.24; Na,
2.89.

'H-NMR (D,0) &: 6.95 (2H, dd, J=9.5, 3.1 Hz), 6.89-6.79
(1H, m), 5.87 (1H, t, J=4.3 Hz), 5.34 dd, 8.6, 5.0 Hz), 4.45-
3.41 (14H, m), 2.45-2.01 (4H, m), 1.49 (6H, ddd, J=19.9,
14.6, 3.4 Hz).
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Example 32

Synthesis of Compound (I-32)

164

[Formula 78]
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Step (1): Compound 1la—Compound 32a—Compound
(1-32)

N,N-dimethylformamide (4.5 ml.) was added to Com-
pound 11a (1.5 mmol) to dissolve it. Compound 4b (785 mg,
1.5 mmol.) and sodium bromide (309 mg, 3 mmol) were
added, and then stirred. Purified water was added to the reac-
tion solution, and then extracted with ethyl acetate. The
organic layer was washed with purified water, then saturated
brine. The organic layer was dried with magnesium sulfate,
and then magnesium sulfate was removed by filtration to
yield Compound 32a. Compound 32a was treated using the
same method as Compound 31b of Example 31 to obtain
Compound [-32. (Yield: 553 mg, Yield: 48%)

MS (m+1)=751.26

Elemental analysis for C,sH;,CINO,,S,Na(NaHCO,), ,
(H,0)s5 5

Caled.: C,39.45; H, 4.74; Cl, 4.00; N, 12.65; S, 7.24; Na,
2.85.

Found.: C, 39.38; H, 4.74; Cl, 4.24; N, 12.65; S, 7.27; Na,
2.87.

'H-NMR (D,0) &: 6.93 (1H, d, J=8.2 Hz), 6.80 (1H, dd,
J=13.0, 7.3 Hz), 5.88 (1H, t, J=5.3 Hz), 5.59-5.29 (1H, m),
4.59-4.45 (1H, m), 4.21-3.29 (12H, m), 2.83-2.25 (2H, m),
1.57-1.47 (6H, m).
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Example 33
Synthesis of Compound (I-33)
[Formula 79]
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S -continued
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Step (1): Compound 33a—Compound 33b—Compound
17b—Compound 33d—Compound (I-33)

Compound 33a (4.09 g, 6 mmol) was dissolved in N,N-
dimethylacetamide (18 mL). Compound 4b (3.14 g, 6 mmol)
and sodium bromide (1.24 g, 12 mmol) were added, and then
stirred at room temperature for 4 hours. N,N-dimethylforma-
mide (36 mL) was added thereto, and then cooled to —20° C.
Potassium iodide (7.97 g, 48 mmol) and acetyl chloride (2.83
g, 36 mmol) were added, and then stirred at 0° C. The mixture
was poured into aqueous sodium hydrogen sulfite solution.
The resulting solid precipitation was filtered, and then dried
under reduced pressure to yield Compound 33b. (Yield: 7.70
g, Yield: 107%) Compound 33b (7.35 g, 6 mmol) was dis-
solved in acetone (36 mL) Aqueous 6 N hydrochloric acid
(2.5 mL) was added thereto, and then stirred at room tem-
perature for 3 hours. The reaction solution was diluted with
methylene chloride, and then dried with anhydrous magne-
sium sulfate. After magnesium sulfate was removed by filtra-
tion, evaporation in vacuo yielded Compound 17b. (Yield:
8.18 g, 134%)

Compound 17b (2.05 g, equivalent to 1.5 mmol) was dis-
solved in methylene chloride (20 mL). After cooling to —-10°
C., Compound 33c¢ (0.60 mg, 1.5 mmol), pyridine (0.154 g,
1.3 mmol), and hydrochloric acid salt of 1-(dimethylamino-
propyl)-3-ethylcarbodiimide (345 mg, 1.8 mmol) were

S~y 0 °
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~o L
o Z
0
0 OoBH
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N
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added, and then stirred at the same temperature. Purified
water was added to the reaction solution, and then the aqueous
layer was extracted with ethyl acetate. The organic layer was
washed with purified water, then saturated brine. The organic
layer was dried with magnesium sulfate, and then magnesium
sulfate was removed by filtration to yield Compound 33d.
Compound 33d was treated using the same method as 31b of
Example 31 to obtain Compound 1-33. (Yield: 325 mg, Yield:
29%)

MS (m+1)=722.26

Elemental analysis for C,3H,,CIN,O,,S,Na(NaHCO,), ,
H,0)s

Caled.: C,38.65; H, 4.67; Cl, 4.06; N, 11.23; S, 7.34; Na,
2.90.

Found.: C, 38.61; H, 4.52; C1, 4.06; N, 11.25; S, 7.19; Na,
2.88.

'H-NMR (D,0) §: 7.04 (1H, br s), 6.99-6.91 (1H, m),
6.86-6.80 (1H, m), 5.93-5.85 (1H, m), 5.59-5.29 (1H, m),
4.62-4.54 (1H, m), 4.30-4.08 (1H, m), 3.91-3.32 (12H, m),
2.86-2.24 (2H, m).

Example 34

Synthesis of Compound (I-34)

[Formula 80]
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Step (1): Compound 1la—Compound 34a—Compound Found.: C, 39.46; H, 5.00, Cl,4.03; N, 12.24; S, 6.87; Na,
(1-34) 2.79.
Compound 11a (843 mg, 1 mmol) and Compound 5b (537 'H-NMR (D,0) §: 6.94 (1H, d, J-8.4 Hz), 6.82 (1H, dd,

mg, 1 mmol) were treated using the same method as Example J=8.4,4.2Hz),5.89 (1H,dd,J=7.2,5.1 Hz), 5.37 (1H, 1,]J=5.1
32 to obtain Compound I-34. (Yield: 554 mg, Yield: 70%) 20 Hz), 5.00-4.90 (1H, m), 4.25-4.06 (1H, m), 3.90-3.41 (11H,

MS (m+1)=765.32 m), 2.28 (5H, t, J=23.3 Hz), 1.57-1.51 (6H, m).

Elemental analysis for C,.H,,CIN.O,,S,Na(NaHCO,), ,
(H,0)s» Example 35

Caled.: C,39.45; H, 5.01; Cl, 3.87; N, 12.23; S, 7.00; Na,
2.76. Synthesis of Compound (I-35)

[Formula 81]
COOBH
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—_— —_— N/ —_—
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Step (1): Compound 35a—=Compound 35b
A solution of Compound 35a (10.60 g, 100 mmol) in aceto-

nitrile (72 mL) was cooled to 0° C. A solution of diphenyl-
diazomethane (6.99 g, 36 mmol) in acetonitrile (18 mL) was
then added drop-wise thereto over 2 hours. The reaction solu-
tion stood at 4° C. overnight. After the insoluble was filtered,
the reaction mixture was concentrated, and then diisopropyl
ether was added to the residue. The resulting solid was fil-
tered, and then dried under reduced pressure to yield Com-
pound 35b as a white solid.

Yield: 10.91 g, (43%)

'H-NMR (CDCl,) 8: 1.48 (3H, d, J=6.9 Hz), 2.81 (1H, d,
J=5.1 Hz), 4.34-4.42 (1H, m), 6.92 (1H, s), 7.24-7.38 (11H,
m)

Step (2): Compound 35b—Compound 35¢

To a solution of Compound 35b (5.13 g, 20.0 mmol) in
tetrahydrofuran (50 mL), N-hydroxyphthalimide (3.92 g,
24.0 mmol) and triphenylphosphine (6.29 g, 24.0 mmol) were
added and then cooled to 0° C. Diisopropylazodicarboxylate
(4.67 ml, 24.0 mmol) was added drop-wise thereto over 1
hour. After stirring at room temperature for 40 minutes, the
insoluble was filtered, followed by concentration in vacuo.
The resulting crude product was purified by silica gel column
chromatography to yield Compound 35¢ as a white solid.
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Yield: 7.30 g, (91%)

'H-NMR (CDCl,) &: 1.67 (3H, d, J=6.9 Hz), 5.04 (2H, q,
J=6.9 Hz), 6.92 (1H, s), 7.20-7.34 (11H, m), 7.69-7.78 (4H,
m)

Step (3): Compound 35¢—Compound 35d—Compound 35e

A solution of Compound 35¢ (7.30 g, 18.2 mmol) in meth-
ylene chloride (70 mL.) was cooled to 0° C. Methylhydrazine
(1.16 ml, 21.8 mmol) was added in one portion thereto, and
then stirred at 0° C. for 2 hours. After the resulting crystals
were removed by filtration, concentrated and subsequently
dried under reduced pressure, Compound 35d was obtained
as a yellow white oil. The obtained Compound 35d was used
in the next reaction without purification.

To the solution of the whole amount of Compound 35d
obtained in methanol (50 ml), Compound 24e (4.94 g, 18.2
mmol) was added and then stirred at room temperature for 2
hours, and then stood overnight. The resulting crystals were
filtered, washed with diisopropyl ether and dried under
reduced pressure to yield Compound 35e as a white solid.

Yield: 5.64 g, (57%)

'"H-NMR (CDCl,) &: 1.38 (3H, d, I=7.2 Hz), 438 (2H, q,
J=7.2 Hz), 5.67 (2H, br), 6.95 (1H, s), 7.25-7.34 (11H, m)
Step (4): Compound 35e+Compound 35f—Compound
35g—=Compound 35h
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To a solution of Compound 35e (2.63 g, 5.0 mmol) in ethyl
acetate (32 mL), Compound 35f (2.23 g, 5.5 mmol) was
added and then cooled to —40° C. Phenyl dichlorophosphate
(1.12 ml, 7.5 mmol) was slowly added, and then N-methyl-
morpholine (2.20 mL, 20 mmol) was added drop-wise over
25 minutes. After stirring at —40° C. for 1.5 hours, aqueous
0.2 N hydrochloric acid was added to the reaction mixture,
followed by extraction with ethyl acetate. The organic layer
was washed with water, aqueous 5% sodium hydrogen car-
bonate, then saturated brine, and then dried with anhydrous
magnesium sulfate. The inorganic substance was removed by
filtration, and then concentrated and subsequently drying
under reduced pressure to yield Compound 35g as a yellow
foam. The obtained Compound 35g was used in the next
reaction without purification.

A solution of the whole amount of Compound 35g
obtained in methylene chloride (22 ml) was cooled to —40° C.
A solution of m-chloroperbenzoic acid (1.46 g, 5.5 mmol) in
methylene chloride (22 ml) was added drop-wise thereto over
30 minutes. After stirring at -40° C. for 30 minutes, aqueous
15% sodium thiosulfate solution was added thereto, methyl-
ene chloride was evaporated under reduced pressure, fol-
lowed by extraction with ethyl acetate. The organic layer was
washed with aqueous 5% sodium hydrogen carbonate, then
saturated brine, and then dried with anhydrous sodium sul-
fate. The inorganic substance was removed by filtration, fol-
lowed by concentration in vacuo. The resulting crude product
was purified by silica gel column chromatography to yield
Compound 35h as a white foam.

Yield: 4.00 g, (90%)

'H-NMR (CDCl,) 8: 1.53 (9H, s), 1.63 (3H, d, J=6.9 Hz),
3.29(1H,d, J=18.6 Hz),3.69 (1H, d, I=18.6 Hz), 3.81 (3H, 5),
4.22 (1H, d,J=12.3 Hz), 4.50 (1H, d, J=3.6 Hz), 4.98 (1H, d,
J=12.3 Hz), 5.04 (1H, q, J=7.5 Hz), 5.26 (1H, d, ]=2.4 Hz),
6.11 (1H, q, 4.8 Hz), 6.89 (1H, 5),6.92 (2H, 5),7.16 (1H, 5),
7.22-7.37 (10H, m), 8.01 (1H, d, J=9.6 Hz), 8.34 (1H, br)
Step (5): Compound 35h+Compound 35i—Compound
35j—=Compound (I-35)

To a solution of Compound 35h (392 mg, 1.0 mmol) in
N,N-dimethylacetamide (3 mL), sodium bromide (206 mg,
2.0 mmol) was added and then stirred at room temperature for
30 minutes. After cooling to 15° C., a solution of Compound
351 (551 mg, 1.0 mmol) in N,N-dimethylacetamide (1.5 ml)
was added drop-wise over 10 minutes, and then stirred at 15°
C. for 3 hours. N,N-Dimethylformamide (2.5 m[.) was added
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thereto, and then cooled to —40° C. Phosphorus tribromide
(169 pl, 2.0 mmol) was added, and then stirred at -40° C. or
1 hour. The reaction mixture was slowly added to pre-ice-
cooled aqueous 5% sodium chloride. The precipitated solid
was filtered, washed with water, suspended in water, and then
lyophilized to yield Compound 35j as a brown solid. The
obtained Compound 35j was used in the next reaction without
purification.

The whole amount of Compound 35j obtained was dis-
solved in methylene chloride (10 ml). After cooling to —40°
C., anisole (1.09 ml, 10 mmol) followed by 2 mol/L-alumi-
num chloride/nitromethane solution (5.0 ml, 10 mmol) were
added thereto, and then stirred at —40° C. for 1 hour. Aqueous
2 N hydrochloric acid, acetonitrile, and diisopropyl ether
were added to the reaction solution. After stirring, the
insoluble and the supernatant were separated by decantation.
The aqueous layer was separated from the supernatant. Mean-
while, water and acetonitrile were added to the insoluble
attached to the container, and then stirred. After the insoluble
was completely dissolved, diisopropyl ether was added
thereto, and then the aqueous layer was separated. The
organic layer was then extracted with water. All the aqueous
layers were combined, HP20-SS resin was added thereto, and
then acetonitrile was evaporated in vacuo. The resulting mix-
ture was purified by ODS column chromatography. To the
resulting solution of the intended compound, aqueous 0.2 N
sodium hydroxide solution was added until pH=5.3. The
resulting solution was concentrated in vacuo, and then lyo-
philized to yield Compound I-35 as a yellow powder.

Yield: 556 mg, (71%)

'H-NMR (DMSO-d,) &: 1.41 (3H, d, J=7.2 Hz), 1.74 (4H,
br) 3.12-3.78 (13H, m), 4.42 (1H, q, J=6.9 Hz), 4.90 (1H, d,
J=13.5 Hz), 5.14 (1H, d, J=5.1 Hz), 5.71 (1H, dd, J=4.8, 8.7
Hz), 6.73 (1H, d, J=8.4 Hz), 6.80 (1H, d, ]=8.4 Hz), 6.82 (1H,
s), 7.18 (2H, br), 8.31 (1H, br)

MS (m+1)=764.25

Elemental analysis for: C;;H;;CIN,O,,S,Na.0.3H,0

Caled.: C,42.23; H, 4.98; Cl, 4.02; N, 11.12; S, 7.23; Na,
2.61 (%).

Found.: C, 42.05; H, 4.94; C1, 4.32; N, 11.06; S, 7.50; Na,
2.64 (%).

Example 36

Synthesis of Compound (I-36)

[Formula 82]

C‘ 0 cl
cl N OPMB >
= \/\N

H

OPMB
36a



US 9,145,425 B2

175 176
_ -continued _
HBOOCY
(0]
I\i/
N
O Cl
BocHN—</ | ﬁ I

(@] OPMB

S @\/\ N
OPMB @ OPMB

Wa'OOCY
_O

N
| u
N N, S
! 5 (¢] Cl
HZN% | ;y/
(0] N N OH
S / @\/\ N
0 H
]
o (0] OH
1-36

Step (1): Compound 35h+Compound 36a—Compound
36b—Compound (I-36)

To a solution of Compound 35h (892 mg, 1.0 mmol) in
N,N-dimethylacetamide (3 mL), sodium iodide (300 mg, 2.0
mmol) was added and then stirred at room temperature for 30
minutes. After cooling to 15° C., a solution of Compound 36a
(534 mg, 1.0 mmol) in N,N-dimethylacetamide (1.5 mL.) was
added drop-wise thereto over 10 minutes, and then stirred at
15° C. for 7 hours. N,N-dimethylformamide (2.5 mL) was
added thereto, and then cooled to —40° C. Phosphorus tribro-
mide (199 pl, 2.0 mmol) was added thereto, and then stirred at
-40° C. for 30 minutes. The reaction mixture was slowly
added to ice-cooled aqueous 5% sodium chloride. The pre-
cipitated solid was filtered, washed with water, suspended in
water, and then lyophilized to yield Compound 36b as a
brown solid. The obtained Compound 36b was used in the
next reaction without purification.

The whole amount of Compound 36b obtained was dis-
solved in methylene chloride (10 ml). After cooling to —40°
C., anisole (1.09 ml, 10 mmol) followed by 2 mol/L.-alumi-
num chloride/nitromethane solution (5.0 ml, 10 mmol) were
added, and then stirred at —-40° C. for 1 hour. Aqueous 2 N
hydrochloric acid, acetonitrile, and diisopropyl ether were
then added to the reaction mixture. After stirring, the
insoluble and the supernatant were separated by decantation.
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The aqueous layer was then separated from the supernatant.
Meanwhile, water and acetonitrile were added to the
insoluble attached to the container, and then stirred. After the
insoluble was completely dissolved, diisopropyl ether was
added thereto, and then the aqueous layer was separated. The
organic layer was then extracted with water. All the aqueous
layers were combined, HP20-SS resin was added thereto, and
then acetonitrile was evaporated in vacuo. The resulting
mixed solution was then purified by ODS column chroma-
tography. To the resulting solution of the intended compound,
aqueous 0.2 N sodium hydroxide solution was added until
pH=5.2. The resulting solution was concentrated in vacuo,
and then lyophilized to yield Compound I-36 as a light yellow
powder.

Yield: 276 mg, (36%)

'H-NMR (D,0) §: 1.38 (3H, d, ]=6.9 Hz), 2.14 (4H, br)
3.42-3.71 (10H, m), 3.85 (1H, d, J=16.5 Hz), 4.04 (1H, d,
J=13.8 Hz), 4.54 (1H, q, J=6.9 Hz), 5.27 (1H, d, ]=3.1 Hz),
3.77 (1H, d, J=4.9 Hz), 6.79 (1H, d, ]=8.4 Hz), 6.87 (1H, d,
J=8.4 Hz), 6.91 (1H, MS (m+1)=738.24

Elemental analysis
C,H; ,CIN,O, ,S,Na.0.1NaHCO,.4.3H,0

Caled. C, 41.31; H, 4.73; Cl, 4.19; N, 11.59; S, 7.58; Na,
2.99 (%).

Found.: C, 41.31; H, 4.72;Cl,4.16; N, 11.54; S, 7.71; Na,
2.99 (%).

for:
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Example 37

Synthesis of Compound (I-37)
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Step (1): Compound 24h+Compound 13a—Compound
37a—Compound (I-37) 50
From Compound 24h (952 mg, 1.0 mmol) and Compound
13a (537 mg, 1.0 mmol), Compound I-37 was obtained as a
light yellow powder using the same method as Example 36.

Yield: 467 mg, (59%) 55

'H-NMR (D,0) §: 0.75-0.82 (3H, m), 1.63-1.71 (2H, m),
2.00 (4H, br), 3.24-3.77 (11H, m), 4.05-4.27 (2H, m), 4.33-
437 (1H,m), 5.16 (1H, dd, J=5.1,8.7 Hz), 5.69 (1H, t, I=5.4
Hz), 6.65 (1H, d, J=8.4 Hz), 6.77 (1H, dd, J=3.3, 8.4 Hz), 6.80
(1H, d, J=3.9 Hz) 60

MS (m+1)=764.28

Elemental analysis for: C;;H;;CIN,O,,S,Na.4.8H,0O

Caled.: C, 42.67; H, 4.92; Cl, 4.06; N, 11.24; 3, 7.35; Na,
2.63 (%). 65

Found.: C, 42.58; H, 4.81; Cl, 4.21; N, 11.18; 3, 7.55; Na,
2.64 (%).
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Example 38

Synthesis of Compound (I-38)

e
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[Formula 84]
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o
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HBOOC

w
W \CONH2
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Step (1): Compound 29t+Compound 13a—Compound
38a—Compound (I-38)

From Compound 29f (981 mg, 1.0 mmol) and Compound
13a (537 mg, 1.0 mmol), Compound I-38 was obtained as a
light yellow powder using the same method as Example 36.

Yield: 176 mg, (22%)

'H-NMR (D,0) &: 2.14 (4H, br), 2.75-2.77 (2H, m), 3.37-
3.91 (11H, m), 4.18-4.40 (2H, m), 4.82-4.87 (1H, m), 5.28
(1H, dd, J=5.1, 8.7 Hz), 5.68 (1H, t, I=4.5 Hz), 6.78 (1H, d,
J=7.8 Hz), 6.90 (1H, dd, J=3.3, 8.4 Hz), 6.96 (1H, d, J=3.6
Hz) 60

MS (m+1)=793.27

Elemental analysis for:
C;,H;,CINO, ;S,Na.0.1NaHCO,.5.6H,O

Caled.: C, 40.40; H, 4.72; Cl1, 3.83; N, 12.12; S, 6.94; Na,
2.74 (%). 65

Found.: C, 40.12; H, 4.50; C1,3.93; N, 12.15; S, 7.24; Na,
2.90 (%).

50

55
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Example 39

Synthesis of Compound (I-39)
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Step (1): Compound 24h+Compound 16b—Compound
39a—Compound (I-39)

From Compound 24h (952 mg, 1.0 mmol) and Compound 30
16b (537 mg, 1.0 mmol), Compound 1-39 was obtained as a
light yellow powder using the same method as Example 36.

Yield: 545 mg, (69%)

'H-NMR (D,0) 8: 0.91 (3H, t, J=7.2 Hz), 1.81 (2H, quint, 33
J=8.1 Hz) 2.88-3.56 (11H, m), 3.76-4.13 (8H, m), 4.47 (1H,

t, J=6.0 Hz), 5.30 (1H, q, J=2.4 Hz), 5.81 (1H, dd, J=2.4, 4.8
Hz), 6.78 (1H, d, J=8.4 Hz), 6.88 (1H, d, ]=8.4 Hz), 6.92 (1H,
) 60

MS (m+1)=764.24

Elemental analysis for: C;;H;;CIN,O,,S,Na.4.6H,O

Caled.: C, 42.84; H, 4.89; Cl, 4.08; N, 11.28; S, 7.38; Na,
2.65 (%).

Found.: C, 42.84; H, 4.93; Cl, 4.31; N, 11.25; 7.44; Na,
2.59 (%).

65
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Example 40

Synthesis of Compound (I-40)

/4\ \ COOH

OTBS

BocHN N
COOBH o
o COOBH
TBSO e
_0 —_—
N _0
H,N
o 40b
40a
CIHN, S
N cl
o Z
7\
A COOH COOBH
BocHN N
| 40d
N
~o0
TBSO k
Nt COOBH
40¢
HBOOC.
W Norss
0
N/
| 1
N N S R
BocHN~</ |
0 N cl
S
o Z
o OBH
40e
HBOOC.
W orps
0

H
N N,
(€]
BocHN‘</ | );(
(6] N Cl OPMB
s 5 7 N
N\)
(6] OBH OPMB

40f 13a

[Formula 86]



US 9,145,425 B2

185

W
w Norss

-continued
HBOOC

40g

*Na00C

aw
w on

0
N/
| ®
N N, 8
B00HN4</ | j;( ® OPMB
0 N N
S G =
N
1 OPMB
0 OBH
© 0 cl

186

)
N
| ®
N N s
H2N4</ | ® OH
. 0 NG N
g k/N
o OH
9 )
0 al

1-40

Step (1): Compound 40a—Compound 40b—Compound 40c

A solution of Compound 40a (7.09 g, 13.3 mmol) in meth-
ylene chloride (70 mL) was cooled to 0° C. Methylhydrazine
(851 ul, 16 mmol) was added in one portion, and then stirred
at0° C. for 2 hours. The resulting crystals were then removed
by filtration. Concentrating and subsequent drying under
reduced pressure yielded Compound 40b as a yellowish white
oil. The obtained Compound 40b was used in the next reac-
tion without purification.

To a solution of the whole amount of Compound 40b
obtained in methanol (50 ml), Compound 24e (4.00 g, 14.7
mmol) was added and then stirred at room temperature for 1.5
hours. After the solvent was evaporated in vacuo, water and
tetrahydrofuran were added to the resulting concentrated resi-
due, and then extracted with ethyl acetate. The organic layer
was washed with water, then saturated brine, and then dried
with anhydrous magnesium sulfate. Magnesium sulfate was
then removed by filtration, followed by concentration in
vacuo. Diisopropyl ether was added to the residue. The result-
ing crystals were filtered, and then dried under reduced pres-
sure to yield Compound 40c as a white solid.

Yield: 8.27 g, (95%)

'"H-NMR (DMSO-dy) &: 0.01 (6H, s), 0.79 (9H, s), 1.49
(9H, s), 4.00-4.13 (2H, m), 4.95 (1H, t, J=4.2 Hz), 6.88 (91H,
s), 7.23-7.35 (11H, m), 7.39-7.47 (10H, m)

40

45

50

55

60
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Step (2): Compound 40c—Compound 40d—Compound
40e—Compound 40f

From Compound 40c¢ (6.56 g, 10 mmol) and Compound
40d (4.97 g, 11 mmol), Compound 40f was provided as a
peach-colored foam in the same way as Example 35.

Yield: 6.80 g, (64%)

'"H-NMR (CDCl,) 8: 0.02 (6H, s), 0.83 (9H, s), 1.53 (SH,
$),3.30(1H, d,J=19.2Hz),3.69 (1H, d, J=18.3 Hz), 4.08-4.19
(2H, m), 4.49-4.51 (1H, m), 4.91-5.11 (2H, m), 6.15 (1H, q,
J=4.8 Hz), 6.95 (2H, d, J=12.3 Hz), 7.16-7.48 (21H, m), 7.97
(1H, d, J=9.3 Hz), 8.16 (1H, br)

Step (3): Compound 40f+Compound 13a—Compound
40g—Compound (I-40)

From Compound 40f (1.07 g, 1.0 mmol) and Compound
13a (537 mg, 1.0 mmol), Compound 1-40 was obtained as a
yellow powder using the same method as Example 36.

Yield: 550 mg, (70%)

'"H-NMR (D,0) &: 2.06 (4H, br), 3.30-4.10 (13H, m),
4.18-1.33 (2H, m), 4.57-4.61 (1H, m), 5.22 (1H, dd, J=5.1,
8.7 Hz), 5.78 (1H, t, J=4.5 Hz), 6.71 (1H, d, J=7.8 Hz), 6.82
(1H, dd, J=3.3, 8.4 Hz), 6.89 (1H, d, J=3.3 Hz)

MS (m+1)=766.32

Elemental analysis for: C, H;,CIN,O,,S,Na.4.5H,0

Caled.: C,41.45; H, 4.64; Cl, 4.08; N, 11.28; S, 7.38; Na,
2.64 (%).

Found.: C, 41.54; H, 4.72; Cl, 4.44; N, 10.94; S, 7.28; Na,
2.40 (%).
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Example 41

Synthesis of Compound (I-41)

[Formula 87]

OPMB

OPMB

OPMB

OPMB

OH

OH

(6] (6]

Step (1): Compound 9a+Compound 16b—Compound s,
41la—Compound (I-41)

From Compound 9a (1.28 g, 1.0 mmol) and Compound
16b (537 mg, 1.0 mmol), Compound 1-41 was obtained as a
light yellow powder using the same method as Example 36.

Yield: 443 mg, (53%)

'H-NMR (D20) &: 2.69-2.72 (2H, m), 2.88-3.59 (12H, m),
3.81-4.14 (5H, m), 4.90 (1H, dd, J=5.1, 8.4 Hz), 5.27 (1H, q,
J=2.4 Hz), 5.76 (1H, dd, J=3.0, 4.2 Hz), 6.78 (1H, d, J=8.1
Hz), 6.88 (1H, d, J=8.4 Hz), 6.95 (1H, s) 60

MS (m+1)=794.15

Elemental analysis for: C;,H;,CIN,O,,S,.1.6Na.5.3H,0

Caled.: C, 40.28; H, 4.43; Cl, 3.84; N, 10.61; S, 6.94; Na,
3.98 (%). 65

Found.: C, 40.25; H, 4.42; Cl, 4.12; N, 10.67; S, 6.92; Na,
3.94 (%).

55
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Example 42

Synthesis of Compound (I-42)

[Formula 88]
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Step (1): Compound 42a—Compound 42b

7 mol/L-ammonia/methanol solution (160 mL, 1.12 mol)
was cooled to 0° C. Compound 42a (37.9 g, 200 mmol) and
cyanoethyl acetate (92.4 mL, 400 mmol) were added thereto,
and then stirred at 0° C. for 15 minutes. After standing at 4° C.
for 2 days, the resulting crystals were filtered, and then dried
under reduced pressure to yield Compound 42b as a white
solid.

Yield: 34.4 g, (53%)

'H-NMR (DMSO-dy) 8: 1.57 (2H, br), 1.64 (2H, br), 2.42-
2.57 (4H, m), 3.91 (2H, a), 7.20-7.34 (5H, m)

Step (2): Compound 42b—Compound 42¢

To Compound 42b (34.4 g, 107 mmol), 65% sulfuric acid
(65 mL, 793 mmol) was added and subsequently heating at
reflux for 16 hours. After cooling to room temperature, aque-
ous 10 N sodium hydroxide solution was added thereto until
pH=8. After methylene chloride was added, the insoluble was
filtered, and then the organic layer was separated. The organic
layer was dried with anhydrous magnesium sulfate, and then
the inorganic substance was removed by filtration. After con-
centrating in vacuo, diisopropyl ether was added to the resi-
due. The resulting crystals were filtered, and then dried under
reduced pressure to yield Compound 42c¢ as a white solid.

Yield: 9.95 g, (34%)

'H-NMR (CDCl,) 8: 1.60 (4H, t, I=5.7 Hz), 2.45 (4H, t,
J=5.7Hz),2.53 (4H, s),3.52 (2H, ), 7.25-7.32 (SH, m), 7.95
(1H, br)

Step (3): Compound 42¢c—Compound 42d

To a solution of Compound 92¢ (9.95 g, 36.5 mmol) in
diethyl ether (150 mL), lithium aluminum hydride (4.16 g,
110 mmol) was added and subsequently heated at reflux for
16 hours. While cooling in an ice bath, sodium sulfate
decahydrate (40g) was slowly added thereto, and then potas-
sium fluoride (4g) was added thereto, subsequently stirring at
room temperature for 2 hours. After standing at room tem-
perature overnight, the insoluble was filtered, and then the
filtrate was concentrated in vacuo. The residue, as it is, was
dried under reduced pressure to yield Compound 42d as a
yellow oil.

Yield: 3.84 g, (43%)

'H-NMR (CDCl,) 8: 1.41 (4H, J=5.7 Hz), 1.52 (4H, t,
J=3.7Hz),2.38 (4H, t,1=5.7Hz), 2.77 (4H, t,J=5.7 Hz), 3.49
(2H, s), 7.25-7.31 (5H, m)

Step (4): Compound 42d—Compound 42e

To a solution of Compound 42d (3.67 g, 15 mmol) in
tetrahydrofuran (36 mL), water (18 mL) formalin (11 mL,
150 mmol), then formic acid (5.8 mL, 150 mmol) were added
and subsequently heating and stirring at 100° C. for 3 hours.
After cooling to room temperature, ethyl acetate was added
thereto, and then aqueous 2 N sodium hydroxide solution was
added thereto until pH=10. The organic layer separated was
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washed with saturated brine, and then dried with anhydrous
sodium sulfate. The inorganic substance was removed by
filtration. After concentrating in vacuo, the resulting crude
product was purified by silica gel column chromatography to
yield Compound 42e as a yellow oil.

Yield: 3.12 g, (80%)

'H-NMR (CDCl,) 8: 1.48 (4H, t, J=5.1 Hz), 1.51 (4H, t,
J=5.1 Hz), 2.26 (3H, s), 2.36 (4H, t, J=5.7 Hz), 2.38 (4H, t,
J=5.7 Hz), 3.49 (2H, s), 7.25-7.31 (§H, m)

Step (5): Compound 42e—Compound 42f

To a solution of Compound 42¢ (1.29 g, 5.0 mmol) in acetic
acid (13 mL), 5% palladium carbon (532 mg, 250 mmol) was
added and then stirred under a hydrogen atmosphere of 5 atm
at room temperature for 2 days. The insoluble was removed
by filtration through a Celite, and then washed with methanol.
The mother liquor was then concentrated in vacuo. The resi-
due was dissolved in a mixed solvent of ethyl acetate and
diisopropyl ether, and then 4 N hydrochloric, acid/ethyl
acetate solution was added thereto. The resulting crystals
were filtered, and then dried under reduced pressure to yield
Compound 42f as a white crystal.

Yield: 865 mg, (72%)

'"H-NMR (DMSO-dy) 8: 1.53 (2H, d, J=5.7 Hz), 1.65 (2H,
dt,J=3.6,13.8 Hz), 1.80 (4H, br), 2.70 (3H, d, J=4.5 Hz), 3.02
(6H, br), 3.20 (2H, d, J=11.7 Hz), 8.96 (2H, br)

Step (6): Compound 42f—Compound 42¢g

To a solution of Compound 2d (2.57 g, 6.0 mmol) in N,N-
dimethylacetamide (20 triethylamine (1.25 mL., 9.0 mmol)
was added and then cooled to -15° C. Methanesulfonyl chlo-
ride (655 pl, 8.4 mmol) was added thereto, and then stirred at
-15° C. for 1 hour. Triethylamine (1.66 mL, 12 mmol) and
Compound 42f (724 mg, 3.0 mmol) were further added, and
then stirred at —=15° C. for 2 hours. Aqueous 1 N sodium
hydroxide solution was added to the reaction mixture, and
then extracted with ethyl acetate. The organic layer was
washed with water, then saturated brine and dried with anhy-
drous sodium sulfate. The inorganic substance was then
removed by filtration. After concentrating in vacuo, the
resulting crude product was purified by silica gel column
chromatography to yield Compound 42g as a light yellow
foam.

Yield: 1.66 g, (95%)

'H-NMR (CDCl;) 8: 1.25-1.51 (4H, m), 1.57 (6H, br), 2.34
(3H, br), 2.78 (2H, q, J=7.2 Hz), 3.05-3.13 (2H, m), 3.72 (2H,
q,J=5.7Hz),3.79 (3H, 5),3.83 (3H, 5), 5.06 (2H, 5), 6.81 (2H,
q, J=8.7 Hz), 6.91-6.94 (4H, m), 7.34 (4H, L, J=9.0 Hz)
Step (7): Compound 9c+Compound 42g—Compound
42h—Compound (I-42)

To a solution of Compound 4¢ (1.04 g, 1.0 mmol) in N,N-
dimethylacetamide (3 mlL), Compound 42g (579 mg, 1.0
mmol) was added and then stirred at 15° C. for 2 hours.
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N,N-dimethylformamide (4.0 mL) was added thereto, and
then cooled to —40° C. Phosphorus tribromide (189 pl, 2.0
mmol) was added, and then stirred at —40° C. for 30 minutes.
The reaction mixture was slowly added to pre-ice-cooled
aqueous 5% sodium chloride. The precipitated solid was fil-
tered, washed with water, suspended in water, and then lyo-
philized to yield Compound 42h as a brown solid. The
obtained Compound 42h was used in the next reaction with-
out purification. The whole amount of Compound 42h
obtained was dissolved in methylene chloride (10 ml). After
cooling to =90° C., anisole (1.09 ml, 10 mmol) followed by 2
mol/L-aluminum chloride/nitromethane solution (5.0 ml, 10
mmol) were added, and then stirred at —-40° C. for 1 hour.
Aqueous 2 N hydrochloric acid, acetonitrile, and diisopropyl
ether were added to the reaction solution, and then the
insoluble and the supernatant were separated by decantation.
The aqueous layer was separated from the supernatant. Mean-
while, water and acetonitrile were added to the insoluble
attached to the contain, and then stirred. After it was com-
pletely dissolved, diisopropyl ether was added thereto, and
then the aqueous layer was separated. The organic layer was
then extracted with water. All the aqueous layers were com-
bined, HP20-SS resin was added thereto, and then acetonitrile

10
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was evaporated in vacuo. The resulting mixed solution was
purified by ODS column chromatography. Aqueous 0.2 N
sodium hydroxide solution was added to the resulting solu-
tion of the intended compound until pH=5.2. The resulting

5 solution was concentrated in vacuo, and then lyophilized to

yield Compound 1-42 as a light yellow powder.

Yield: 406 mg, (49%)

'H-NMR (D,0) §: 1.34 (6H, s), 1.53 (1H, br), 1.59 (1H,
br), 1.75 (4H, br), 2.86 (3H, d, J=7.5 Hz), 3.20 (4H, br), 3.29
(1H,dd, J=9.3,16.8 Hz),3.56 (2H, d,J=5.1 Hz),3.75 (1H, dd,
J=6.9, 16.8 Hz), 3.89 (1H, dd, J=11.1, 12.9 Hz), 5.20 (1H, t,
J=5.1Hz),5.71 (1H,t,]=5.4 Hz),6.61 (1H, d,J=8.4 Hz), 6.77
(1H, d, J=8.4 Hz), 6.81 (1H, d, J=3.6 Hz)

MS (m+1)=806.33

Elemental analysis for: C;,H;,CIN,O,,S,Na.6.0H,O

Caled.: C, 43.61; H, 5.49; C1,3.79; N, 10.47; S, 6.85; Na,
2.46 (%).

Found.: C, 43.55; H, 5.36; Cl, 4.18; N, 10.30; S, 7.10; Na,

20 232 (%).

Example 43

Synthesis of Compound (I-43)

[Formula 89]
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Step (1): Compound 43a—Compound 43b

A solution of Compound 43a (21.45 g, 160 mmol) in tet-
rahydrofuran (150 mL) was cooled to 0° C. A solution of
diphenyldiazomethane (68.4 g, 352 mmol) in tetrahydrofuran
(70 mL) was added drop-wise thereto over 1 hour, and then
stood at room temperature overnight. After the insoluble was
filtered, the reaction mixture was concentrated, and then
diisopropyl ether was added to the residue. The resulting solid
was filtered, and then dried under reduced pressure to yield
Compound 43b as a white solid.

Yield: 67.49 g, (90%)
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Cl
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H
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OH

OH

'H-NMR (CDCl,) 8: 2.94 (1H, dd, J=6.6, 16.5 Hz), 3.03
(1H,dd,J=4.5,16.5Hz),3.16 (1H, br), 4.63 (1H, t, J=4.5 Hz),
6.88 (1H, s), 6.90 (1H, s), 7.26-7.36 (20H, m)

Step (2): Compound 43b—Compound 43¢

To a solution of Compound 43b (68 g, 146 mmol) in tet-
rahydrofuran (340 mL), N-hydroxyphthalimide (54.7 g, 335
mmol) and triphenylphosphine (103 g, 394 mmol) were
added. After ice-cooling, dimethyl azodicarboxylate (57.5 g,
394 mmol) was added drop-wise over 1 hour. After stirring
under ice-cooling for 40 minutes, the insoluble was filtered,
followed by concentration in vacuo. Toluene was added to the
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resulting residue, the precipitated insoluble was filtered, fol-
lowed by concentration in vacuo. This step was performed
three times. The crude product was purified by silica gel
column chromatography to yield Compound 43¢ as a white
foam.

Yield: 27.5 g, (31%)

'H-NMR (CDCl,) &: 3.25 (2H, d, J=6.6 Hz), 5.32 (1H, t,
J=6.6 Hz), 6.84 (1H, s), 6.87 (1H, s), 7.18-7.31 (20H, m),
7.69-7.71 (4H, m)

Step (3): Compound 43c—Compound 43d—Compound
43e+Compound 40d—Compound 43f—Compound 43g

The solution of Compound 43¢ (13.75 g, 22.5 mmol) in
methylene chloride (140 mL) was cooled to -30° C. and
methylhydrazine (1.32 ml, 24.7 mmol) was added in one
portion, and then stirred at room temperature for 1 hour. The
resulting crystals were then removed by filtration. Concen-
trating and subsequent drying under reduced pressure yielded
Compound 43d as a yellowish white oil. The Compound 62
obtained was used in the next reaction without purification.

To a solution of the whole amount of Compound 43d
obtained in methanol (65 ml), Compound 2.4e (6.43 g, 23.6
mmol) was added and then stirred at room temperature for 1.5
hours. The solvent was then evaporated in vacuo. Water was
added to the resulting concentrated residue, and then
extracted with ethyl acetate. The organic layer was washed
with water, then saturated brine, and then dried with anhy-
drous magnesium sulfate. The inorganic substance was then
removed by filtration. Concentrating in vacuo and subsequent
drying under reduced pressure yielded Compound 43e as a
yellow foam. The obtained Compound 43e was used in the
next reaction without purification. To a solution of the whole
amount of Compound 43¢ obtained in ethyl acetate (200 mL),
Compound 40d (11.16 g, 24.7 mmol) was added and then
cooled to —40° C. Phenyldichlorophosphate (5.04 ml, 33.7
mmol) was slowly added, and then N-methylmorpholine
(9.89 mL, 90 mmol) was added drop-wise thereto over 30
minutes. After stirring at —40° C. for 40 minutes, 0.2 hydro-
chloric acid was added to the reaction mixture, followed by
extraction with ethyl acetate. The organic layer was washed
with water, aqueous 5% sodium hydrogen carbonate, then
saturated brine, and then dried with anhydrous magnesium
sulfate. The inorganic substance was removed by filtration,
and then concentrated and subsequently dried under reduced
pressure to yield Compound 43f as a yellow foam. The
obtained Compound 43fwas used in the next reaction without
purification.
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The solution of the whole amount of Compound 43f
obtained in methylene chloride (125 ml) was cooled to —40°
C. A solution of m-chloroperbenzoic acid (6.56 g, 24.7 mmol)
in methylene chloride (125 ml) was added drop-wise thereto
over 1 hour. After stirring at —40° C. for 1 hour, aqueous 15%
sodium thiosulfate solution was added thereto. Methylene
chloride was evaporated under reduced pressure, and then
extracted with ethyl acetate. The organic layer was washed
with aqueous 5% sodium hydrogen carbonate, then saturated
brine, and then dried with anhydrous sodium sulfate. The
inorganic substance was removed by filtration, and then con-
centrated in vacuo. The resulting crude product was purified
by silica gel column chromatography to yield Compound 43¢
as a white foam.

Yield: 21.92 g, (85%)

'"H-NMR (CDCl;) §: 1.53 (9H, 5),3.02 (1H, d, J=18.6 Hz),
3.12 (1H, dd, J=4.8, 16.8 Hz), 3.32 (1H, d, J=9.3 Hz), 3.42
(1H, d, J=19.2 Hz), 4.29 (1H, d, J=4.8 Hz), 4.91 (1H, d,
J=123 Hz),5.49 (1H, dd, J=4.5, 9.3 Hz), 5.97 (1H, dd, J=4.5,
9.3 Hz), 6.87 (1H, s), 6.92 (1H, s), 6.95 (1H, s), 7.16-7.38
(31H,m), 7.47 (2H, d, J=8.1 Hz), 7.95 (1H, d, J=9.3 Hz), 8.26
(1H, br)

Step (4): Compound 43g+Compound 36a—Compound
43h—Compound (I-43)

From Compound 43g (1.26 g, 1.0 mmol) and Compound
36a (525 mg, 1.0 mmol), Compound 1-43 was obtained as a
light yellow powder using the same method as Example 36.

Yield: 268 mg, (32%)

'"H-NMR (D,0) &: 2.05 (4H, br), 2.60 (1H, d, ]=3.0 Hz),
2.62 (1H, s), 3.32-3.76 (11H, m), 3.96 (1H, d, J=14.4 Hz),
476 (1H,dd, J=5.4,8.4Hz), 5.16 (1H, d,J=4.8 Hz), 5.63 (1H,
d, J=5.1 Hz), 6.71 (1H, d, J=8.4 Hz), 6.79 (1H, d, J=8.4 Hz),
6.83 (1H, s)

MS (m+1)=782.32

Elemental analysis for: C;,H;,CIN,O,,S,.1.6Na.4.9H,O

Caled.: C,39.80; H, 4.43; C1,3.92; N, 10.83; S, 7.08; Na,
4.06 (%).

Found.: C, 39.77; H, 4.38; C1,3.95; N, 10.83; S, 7.08; Na,
3.9 8(%).

Example 44

Synthesis of Compound (I-44)

[Formula 90]

OPMB

OPMB

16b
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Step (1): Compound 43g+Compound 16b—Compound ,,  Elemental analysis for: C;;H;,CIN,O,,S,.1.6Na.5.4H,0
44a—Compound (I-44) Caled.: C, 40.20; H, 4.44; C1, 3.83; N, 10.59; S, 6.92; Na,
From Compound 43g (1.26 g, 1.0 mmol) and Compound 3.97 (%).

16b (537 mg, 1.0 mmol), Compound 1-44 was obtained as a
light yellow powder using the same method as Example 36. Found.: C, 40.11; H, 4.38; C1, 4.15; N, 10.62; S, 6.94; Na,

Yield: 568 mg, (68%) 4.13 (%).
'H-NMR (D,0) 8: 2.53 (1H, s), 2.59 (1H, s), 2.61-3.48 +

(12H, m), 3.65-3.99 (5H, m), 4.74-4.78 (1H, m), 5.16-5.19

(1H, m), 5.62-5.65 (1H,m), 6.67 (1H, d, J=8.4 Hz), 6.77 (1H,

d, I=8.4 Hz), 6.83 (1H, s)
MS (m+1)=794.37 Synthesis of Compound (I-45)

HBOOC
w/\COOBH
I

(0]
N/
| H
N N, S
O Cl
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(@] N Cl + OPMB  —»
S g = N
N\)
(@) OBH OPMB

43g 13a

Example 45

[Formula 91]
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Step (1): Compound 65+Compound 29—Compound MS (m+1)=794.32

70—Compound 69 Elemental analysis for: C;;H;,CIN,O,,S,.1.6Na.5.2H,0
From Compound 43g (1.26 g, 1.0 mmol) and Compound 40 cq1cq . , 4035; H, 4.41; C1, 3.84; N, 10.63; S, 6.95; Na,

13a (537 mg, 1.0 mmol), Compound 1-45 was obtained as a 3.99 (%).

light yellow powder using the same method as Example 36. Found.: C. 40.40: H. 4.38: CL. 3.94: N. 10.56: S. 6.50: Na
Yield: 566 mg, (68%) 395(%)" T I i mm an mm e e
'H-NMR (D,0) 8: 2.06 (4H, br), 2.63-2.70 (2H, m), 3.30- ’ ’

3.86 (11H, m), 4.09-4.33 (2H, m), 4.77-4.83 (1H, m), 5.20 45

(1H, dd, J=4.8,8.1 Hz), 5.68 (11H, d, J=4.8 Hz), 6.72 (1 H. dd, Example 46
J=4.2, 8.1 Hz), 6.83 (11, dd, J=4.2, 8.1 Hz), 6.88 (10, d,
J=3.9 Hz) Synthesis of Compound (I-46)

[Formula 92]

Ot-Bu

BocHN,
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H
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Step (1): Compound 46a+Compound 36a—Compound 46b

Compound 46a (623 mg, 0.777 mmol) was dissolved in
N,N-dimethylacetamide (3 mL). After degasification, under
ice-cooling, sodium iodide (233 mg, 1.55 mmol) was added
thereto, and then stirred at room temperature for 20 minutes.
Compound 36a (408 mg, 0.777 mmol) was added to the
reaction solution, and then stirred at room temperature for 3
hours. Ethyl acetate and water were then added to the reaction
solution. The organic layer separated was washed with aque-
ous 0.2 N hydrochloric acid solution, than saturated brine,
and then dried with anhydrous magnesium sulfate. After mag-
nesium sulfate was removed by filtration, concentrated under
reduced pressure yielded Compound 46b (1.10 g).

MS: 1292.61 (M+H)

Step (2): Compound 46b—Compound (1-46)

The above-described crude Compound 46b was dissolved
in methylene chloride (15 mL), and then cooled to -40° C.
Phosphorus tribromide (0.22 mL, 2.33 mmol) was added
thereto, and then stirred at —40° C. for 1 hour. Anisole (849
ml, 7.77 mmol) was then added to the reaction solution. At
-40° C., 2 mol/L-aluminum chloride/nitromethane solution

—_—

OPMB

H

1-46

45

(3.89 mL, 7.77 mmol) was added thereto, and then stirred for
30 minutes while maintaining the temperature from -20° C.
to —10° C. The reaction solution was dissolved in aqueous 1 N
hydrochloric acid solution and acetonitrile, and then washed

o with diisopropyl ether. HP-20SS resin was added to the aque-

55

60

65

ous layer, concentrated, subjected to ODS column chroma-
tography, eluting with water-acetonitrile. Aqueous 0.2 N
sodium hydroxide solution was then added to fractions con-
taining the desired compound to form a sodium salt thereof.
Concentrating under reduced pressure and subsequently lyo-
philzation yielded Compound I-46 as a powder. Yield: 157 mg
26%

( MS): 758.27 (M+H)

'"H-NMR (D,0) &: 6.94 (1H, d, J=7.9 Hz), 6.86 (1H, d,
J=7.9 Hz), 5.90 (1H, d, J=5.0 Hz), 5.34 (1H, d, J=5.0 Hz),
4.60 (2H, s), 1.13 (1H, d, J=14.0 Hz), 3.95-3.49 (12H, m),
2.23-2.09 (4H, m).

Elemental analysis for C;oH;,Cl,N.NaO,,S,(H,0),;
(NaHCO3),

Caled.: C,39.29; H, 4.27; N, 11.77; S, 7.71; Cl, 7.95; Na,
2.91 (%).

Found.: C,39.32; H, 4.24; N, 11.44; S, 7.48; Cl, 8.28; Na,
2.82 (%).
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Example 47

Synthesis of Compound (I-47)

[Formula 93]
O
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Step (1): Compound 47a—Compound 47b—Compound
(1-47) 55
Compound 47a (830 mg, 1 mmol) was treated using the
same method as Example 46 to obtain Compound 1-47.

(Yield: 303 mg, Yield: 47%)

'H-NMR (D,0) &: 6.97-6.89 (2H, m), 5.88 (1H, d, ]=4.7
Hz), 5.36 (1H, d, J=4.7 Hz), 4.16-4.11 (1H, m), 3.97-3.51 60
(12H, m), 2.25-2.22 (4H, m), 1.52-1.51 (6H, m).

Elemental analysis for C;oH;,C1,N,NaO,,S,(H,0),
(NaHCO;), ,

Caled.: C, 40.53; H, 4.67; Cl, 7.47; N, 10.94; S, 7.01; Na,
2.74. 65
Found.: C, 40.42; H, 4.59; Cl, 7.93; N, 10.96; S, 7.17; Na,

2.83.
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Example 48

Synthesis of Compound (I-48)

[Formula 94]
0
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Step (1): Compound 48a—Compound 48b—Compound % d, J=14.1 Hz), 4.68 (1H, g, I=7.1 Hz), 3.99-3.46 (12H, m),

(1-48) 2.48-2.04 (4H, m), 1.48 (3H, d, J=7.1 Hz).
Compound 48a (697 mg, 0.752 mmol) was treated using Elemental analysis for C,,H;,Cl,N,NaO,,S,(H,0); s
the same method as Example 46 to obtain Compound 1-48. (NaHCO;), ,
(Yield: 188 mg, Yield: 31%) Calcd.: C, 39.63; H, 4.64; Cl, 7.52; N, 10.90; S, 6.83; Na,
MS: 784.29 (M+H) 65 2.67.
'H-NMR (D20) 6.96 (1H, d, J=8.2 Hz), 6.82 (1H, d, ]=8.2 Found.: C,39.55; H, 4.53; Cl, 7.76; N, 10.73; S, 7.02; Na,

Hz),5.86 (1H, d, 1=5.0Hz), 5.33 (1, d, ]=5.0Hz), 4.81 (10,  2.77.
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Example 49

Synthesis of Compound (I-49)

[Formula 95]
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Step (1): Compound 47a—Compound 49a—Compound Elemental analysis for C;,H;,CL,N,NaO,,S,(H,O0)s,
(1-49) (NaHCOy3), 05

Compound 47a (645 mg, 0.776 mmol) was treated using 60
the same method as Example 46 to obtain Compound 1-49.
(Yield: 257 mg, Yield: 40%)

MS: 798.29 (M+H)

'H-NMR (D,0) 8: 6.96 (1H, d, J=7.7 Hz), 6.83 (1H, 4,
J=7.7Hz),5.84 (1H, brs),5.33 (1H, brs),4.84 (1H,d, J=13.9 65
Hz), 4.00-3.45 (12H, m), 2.48-2.04 (4H, m), 1.53-1.50 (6H, Found.: C, 40.37; H, 4.67; Cl, 7.67; N, 10.60; S, 6.94; Na,
m). 2.69.

Caled.: C, 40.56; H, 4.87; C1, 6.90; N, 10.79; S, 6.67; Na,
2.50.
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Example 50

Synthesis of Compound (I-50)

[Formula 96]
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Step (1): Compound 46a—Compound 50a—Compound Elemental analysis for C,gH,;Cl,N.NaO,,S,(H,0),
(I1-50) (NaHCO3),

Compound 46a (625 mg, 0.778 mmol) was treated using
the same method as Example 46 to obtain Compound I-50. 60
(Yield: 175 mg, Yield: 28%) Calcd.: C,39.93; H, 4.28; Cl, 7.96; N, 11.34; S, 7.24; Na,
MS: 770.25 (M+H) 2.88.
'H-NMR (D,0) 8: 6.97 (1H, d, J=8.1 Hz), 6.83 (1H, 4,
J=8.1 Hz), 5.86 (1H, s), 5.35-5.31 (1H, m), 4.83 (1H, d, 65
J=12.4Hz),4.61-4.58 (2H, m), 4.14-3.44 (10H, m), 2.48-2.02 Found.: C, 40.03; H, 4.17; C1, 8.12; N, 11.23; S, 7.35; Na,
(4H, m). 2.90.
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Example 51

Synthesis of Compound (I-51)
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Step (1): Compound 51a+Compound 36a—Compound 51b

Compound 51a (1.002 g, 1.00 mmol) and Compound 36a
(0.525 g, 1.00 mmol) were dissolved in N,N-dimethylaceta-

mide (3 ml), and then degassed. Sodium iodide (300 mg, 2.00 ’

mmol) was added to the reaction solution, and then stirred at
room temperature for 2 hours. N,N-Dimethylformamide (3
ml) was then added to the reaction solution. After cooling to

-40° C., phosphorus tribromide (0.283 mL, 3.00 mmol) was 60

added thereto, and then stirred for 20 minutes while main-
taining the temperature at —40° C. The reaction solution was
poured into distilled water containing 5% of sodium chloride.

The precipitate was then filtered. The residue was suspended 45

in distilled water, and then lyophilized to yield Compound
51b (1.60 g) as a yellow solid.

Step (2): Compound 51b—Compound (I-51)
The above-described crude Compound 51b was dissolved
in methylene chloride (15 ml). After cooling to —-40'C, anisole

5 (1.09 ml, 10.0 mmol) followed by 2 mol/L-aluminum chlo-

ride/nitromethane solution (5.00 ml, 10.0 mmol) were added
thereto. The reaction solution was then stirred at 0° C. for 1
hour. The reaction solution was dissolved in aqueous 0.2 N
hydrochloric acid solution and acetonitrile, and then washed
with diisopropy! ether. HP-20SS resin was added to the aque-
ous layer separated, concentrated, and then subjected to ODS
column chromatography, eluting with water-acetonitrile.
Aqueous 0.2 N sodium hydroxide solution was then added to
fractions containing the desired compound to form a sodium
salt thereof. Concentrating under reduced pressure and sub-
sequent lyophilization yielded Compound I-51 as a powder.
Yield: 105 mg (13%)
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'H-NMR (D,0) &: 7.52 (2H, d, J=5.0 Hz), 7.42 3L, d, Caled.: C, 42.89; H, 4.64; C1, 3.44; N, 12.42; S, 6.95; Na,
J=5.0 Hz), 6.95 (1, d, J=8.6 Hz), 6.87 (11, d, J=8.6 Hz),  3.15 (%).
579 (1H, d, J=4.9 Hz), 5.63 (1H, s), 5.23 (11, d, ]=4.9 Hz),

Found.: C, 43.04; H, 4.55; C1,3.83; N, 12.09; S, 6.92; Na,
4.12-4.07 (1H, m), 3.95-3.53 (11H, m), 3.20 (1H, d, J=17.1

2.98 (%).
Hz), 2.24-2.21 (4H, m). 5
MS: 801.34 (M+H) Example 52
Elemental analysis for C;,H;,CINgNaO,,S,(H,0),4
(NaHCOs;), » Synthesis of Compound (I-52)
[Formula 98]
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Step (1): Compound 5la—Compound 52a—Compound Elemental analysis for C;,H;,CINgNaO,,S,(H,0), ¢
(1-52) (NaHCO,),

Compound 51a (1.00 g, 1.00 mmol) was treated using the Caled.: C, 44.16; H, 4.54; C1, 3.56; N, 12.22; S, 7.01; Na,
same method as Example 51 to obtain Compound I-52. 2.97.
(Yield: 161 mg, Yield: 20%) 5 Found.: C, 44.21; H, 4.49; C1,3.83; N, 12.09; S, 6.92; Na,

MS: 813.37 (M+H) 2.73.

'H-NMR (D,0) §: 7.54-7.51 (2H, m), 7.46-7.42 (3H, m),
6.98-6.94 (1H, m), 6.87-6.82 (1H, m), 5.83 (1H, t, J=5.6 Hz), Example 53
5.65(1H, d, J=2.9 Hz), 5.25-5.21 (1H, m), 4.32-4.22 (2H, m),
4.04-3.15 (11H, m), 2.48-2.01 (4H, m). Synthesis of Compound (I-53)
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Step (1): Compound 48a—Compound 53b—Compound Elemental analysis for C;,H,;Cl,N,NaO,,S,(H,0); ,
(I1-53) (NaHCO5), ,

Compound 48a (927 mg, 1.00 mmol) was treated using the Caled.: C, 11.78; H, 3.55; C1, 7.69; N, 11.57; S, 7.83; Na,
same method as Example 46 to obtain Compound I-53. 3.13.
(Yield: 223 mg, Yield: 27%) 5 Found.: C, 41.98; H, 3.73; Cl1,7.94; N, 10.98; S, 7.18; Na,

MS: 792.28 (M+H) 3.09.

'H-NMR (D,0) §: 8.61 (1H, s), 7.66 (1H, s), 7.04-6.93
(3H, m), 5.92 (1H, d, J=5.0 Hz), 5.64-5.34 (2H, m), 5.27 (1H, Example 54
d, J=5.0 Hz), 4.67 (1H, q, J=7.1 Hz), 4.10 (1H, s), 3.68-3.02
(5H, m), 2.22-2.09 (2H, m), 1.17 (3H, d, J=7.1 Hz). Synthesis of Compound (I-1)
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Step (1): Compound 24g—Compound S54a—Compound Elemental analysis for C;,H,,CIN,NaO,,S,(H,0), .,
(1-54) (NaHCO;), ,
Compound 24g (906 mg, 1.00 mmol) was treated using the Caled.: C, 43.67; H, 4.36; C1, 3.80; N, 11.37; S, 7.39; Na,
same method as Example 46 to obtain Compound I-54. 3.02.
(Yield: 194 mg, Yield: 24%) 5 Found.: C, 43.72; H, 4.33; C1, 4.02; N, 11.12; S, 7.27; Na,
MS: 772.32 (M+H) 2.87.

'H-NMR (D.,0) : 8.63-8.57 (1H, m), 7.65 (1H, s), 7.04-
6.94 (3H, m), 5.88 (1H, d, J=5.0 Hz), 5.63-5.34 (2H, m), 5.29

(1H, d, J=5.0 Hz), 4.53 (1H, t, J=6.1 Hz), 4.12 (1H, s). Example 55
3.68-3.00 (6H, m), 2.25-2.20 (2H, m), 1.91-1.81 (2H, m), 10
0.97-0.95 (3H, m). Synthesis of Compound (I-55)
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Step (1): Compound 47a—Compound 55a—Compound
(1-55)

Compound 47a (665 mg, 0800 mmol) was treated using the
same method as Example 46 to obtain Compound I-55.
(Yield: 155 mg, Yield: 23%)

MS: 806.39 (M+H)

'H-NMR (D,0) §: 8.62 (1H, br s), 7.66 (1H, br s), 7.05-
6.95 (3H,m), 5.88 (1H, d, J=4.8 Hz), 5.64-5.33 (2H, m), 5.28
(1H, d, 4.8 Hz), 4.12 (1H, s), 3.69-3.19 (5H, m), 2.23 (2H, br
s), 1.51-1.50 (6H, m).

224
Elemental analysis for C;,H,3Cl,N.NaO,,S,(H,0),,
(NaHCOs;), ,
Caled.: C, 42.14; H, 4.13; Cl, 7.55; N, 10.93; S, 6.94; Na,
2.76.
Found.: C, 42.16; H, 4.04; Cl1,7.75; N, 10.72; S, 7.01; Na,
2.77.

Example 56

Synthesis of Compound (I-56)

[Formula 102]
0
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Step (1): Compound 47a—Compound S56a—Compound
(1-56)

Compound 47a (778 mg, 0.937 mmol) was treated using
the same method as Example 46 to obtain Compound I-56.
(Yield: 281 mg, Yield: 37%)

MS: 798.31 (M+H)

'H-NMR (D,0) 8: 6.94 (1H, d, J=8.4 Hz), 6.82-6.78 (1H,
m), 5.84 (1H, dd, J=14.5, 4.9 Hz), 5.37-5.33 (1H, m), 4.96-
4.91 (1H, m), 4.20-4.10 (1H, m), 3.88-3.41 (10H, m), 2.37-
2.18 (5H, m), 1.53-1.51 (6H, m).

226
Elemental analysis for C;,H;,Cl,N,NaO,,S,(H,0),;
(NaHCOs;), ,
Caled.: C, 41.09; H, 4.46; Cl, 7.79; N, 11.12; S, 7.36; Na,
2.66.
Found.: C, 41.21; H, 4.53; C1,7.82; N, 10.82; S, 7.07; Na,
2.79.

Example 57

Synthesis of Compound (I-57)

[Formula 103]
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Step (1): Compound 48a—Compound 57a—=Compound
1-57)

Compound 48a (868 mg, 0.937 mmol) was treated using
the same method as Example 46 to obtain Compound I-57.
(Yield: 226 mg, Yield: 30%)

MS: 784.20 (M+H)

'H-NMR (D,0) §: 6.94 (1H, d, J=8.3 Hz), 6.81 (1H, dd,
J=8.3,3.7 Hz), 5.91-5.87 (1H, m), 5.37-5.33 (1H, m), 4.96-
4.92 (1H, m), 4.73-4.63 (1H, m), 4.20-4.10 (1H, m), 3.88-
3.41 (10H, m), 2.35-2.20 (SH, m), 1.50-1.47 (3H, m).

228
Elemental analysis for C;oH;,Cl,0,NaO,,S,(H,0),;

(NaHCO;), ,

Calcd.: C,39.98; H, 4.17; Cl, 7.44; N, 11.59; S, 7.81; Na,
3.08.

Found.: C, 40.26; H, 4.34; C1,7.87; N, 10.88; S, 7.12; Na,
3.06.

Example 58

Synthesis of Compound (I-58)

[Formula 104]
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Step (1): Compound 58a—Compound 58b—Compound Elemental analysis for C;,H;,C1,N.NaO,,S(H,0),
(I-58) (NaHCO;), ,
Compound 58a (873 mg, 0.900 mmol) was treated using Calcd.: C, 42.52; H, 4.91; Cl, 7.17; N, 10.96; S, 3.47; Na,

the same method as Example 46 (phosphorus tribromide was 2.98.
not added) to obtain Compound 1-58. (Yleld 100 mg, Yield: 5 Found.: C, 4246, H, 478, Cl, 781, N, 1080, S, 353’ Na,
14%) 278.

MS: 796.31 (M+H)

'H-NMR (D,0) §: 6.97-6.93 (1H, m), 6.86-6.82 (1H, m),

5.72-5.68 (1H, m), 5.41 (1H, dd, J=7.8, 4.0 Hz), 5.00-4.91 Example 59
(1H, m), 4.72-4.28 (4H, m), 4.00-3.40 (9H, m), 2.47-2.20 10
(5H, m), 1.03-0.90 (6H, m). Synthesis of Compound (I-59)
[Formula 105]
O
HBO
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Step (1): Compound 9a—Compound 59a—Compound (I-59) Elemental analysis for C;oH;,CIN,Na,O,,S,(H,0), .,

Compound 9a (1.148 g, 1.00 mmol) was treated using the (NaHCO,), ,

same method as Example 46 to obtain Compound I-59. Caled.: C,39.43; H, 4.45; C1, 3.65; N, 10.67; 8, 7.07; Na,
(Yield: 253 mg, Yield: 31%) 5 S.SP(‘). d.: C,39.52; H, 4.40; Cl,3.88; N, 10.72; S, 7.01; N
MS: 792.23 (M+H) sag e L AR R AR T SRS S, LT T
'H-NMR (D,0) d: 7.00-6.96 (2H, m), 6.90-6.87 (1H, m),
5.82 (1H, d, 1-4.9 Hz), 5.33 (1H, d, J=4.9 Hz), 4.96 (1H, dd, Example 60
J=3.2,4.9 Hz), 4.15 (1H, d, J-14.3 Hz), 3.94-3.44 (11H, m),
2.73-2.70 (2H, m), 2.25-2.22 (4H, m). Synthesis of Compound (I-60)
[Formula 106]
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Step (1): Compound 9a—Compound 60a—Compound (I-60)

Compound 9a (1033 mg, 0.900 mmol) was treated using
the same method as Example 46 to obtain Compound I-60.
(Yield: 156 mg, Yield: 20%)

MS: 802.23 (M+H)

'"H-NMR (D,0) 8: 8.63 (1H, br s), 7.68 (1H, br s), 7.06-
6.95 (3H,m), 5.84 (1H, d, J=4.9 Hz), 5.66-5.35 (2H, m), 5.25
(1H, d, J=4.9 Hz), 4.97 (1H, dd, 1=8.4, 4.9 Hz), 4.89-4.87
(1H, m), 4.77-4.75 (1H, m), 3.72 (1H, d, J=18.1 Hz), 3.52-
3.22 (4H, m), 2.73-2.70 (2H, m), 2.24 (2H, br s).

S
BocHN—<\
N

45,425 B2

234
Elemental analysis for C;,H,,CIN,Na,O,,S,(H,0)s,
(NaHCOs;), ,
Caled.: C, 39.51; H, 4.58; Cl, 2.57; N, 9.88; S, 6.20; Na,
5.14.
Found.: C,39.35; H, 4.21; Cl1,3.62; N, 10.01; S, 6.54; Na,
4.93.

Example 61

Synthesis of Compound (I-61)

[Formula 107]
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Step (1): Compound 61a—=Compound 61b

Compound 40d (9.03 g, 20.0 mmol) was suspended in
ethyl acetate (200 mL). Compound 61a (11.2 g, 20.0 mmol)
was added thereto, and then cooled to —40° C. Phenyl dichlo-
rophosphate (3.59 mL., 24.0 mmol) followed by N-methyl-
morpholine (7.48 mL, 68.0 mmol) were added drop-wise, and
then stirred at —30° C. for 1.5 hours. Aqueous 0.1 N hydro-
chloric acid solution (200 mL.) was then added to the reaction
solution. The organic layer was separated, and then washed
with saturated brine. The organic layer was dried with mag-
nesium sulfate, and then filtered. The solvent was evaporated
under reduced pressure. The resulting residue was purified by
silica gel chromatography to yield compound 61b as a yellow
oil. (Yield: 16.7 g, Yield: 87%)

'H-NMR (CDCl,) &: 8.02 (1H, s), 7.69 (1H, d, J=9.7 Hz),
7.47-7.23 (20H, m), 6.96 (1H, s), 6.90 (1H, s), 6.02 (1H, dd,
J=9.7,5.0Hz),5.10(1H, q,J=7.4 Hz), 5.02 (1H, d, J=5.0 Hz),
4.45(1H,d,J=11.7Hz),4.33 (1H, d, J=11.7Hz), 3.44 (1H, d,
J=18.2 Hz), 3.24 (1H, d, J=18.2 Hz), 1.65 (3H, d, J=7.4 Hz),
1.53 (9H, s).

Step (2): Compound 61b—Compound 61c

Compound 61b (16.7 g, 17.5 mmol) was dissolved in meth-
ylene chloride (200 mL), and then cooled to —40° C. Subse-
quently, 65% meta-chloroperbenzoic acid (4.64 g, 17.5
mmol) was added thereto, and then stirred for 40 minutes.
Aqueous 5% sodium hydrogen sulfite solution (200 mL) was
added, and then the organic layer was separated. The organic
layer was washed with aqueous saturated sodium hydrogen
carbonate, then saturated brine, and then dried with anhy-
drous magnesium sulfate. Magnesium sulfate was filtered,

ny,,

OBH

0
|

T fﬁ( );Kfv

20

25

30

35

40

45

and then the solvent was evaporated under reduced pressure.
The resulting residue was purified by silica gel chromatogra-
phy to yield Compound 61c as a yellow oil. (Yield: 16.5 g,
Yield: 97%)

'"H-NMR (CDCl,) §: 8.24 (1H, s), 7.93 (1H, d, J=9.8 Hz),
7.48-7.21 (20H, m), 6.96 (1H, s), 6.92 (1H, s), 6.12 (1H, dd,
J=9.8, 4.9 Hz), 5.02 (1H, q, J=7.0 Hz), 4.90 (1H, d, J=12.2
Hz), 4.55-4.53 (1H, m), 4.19 (1H, d, J=12.2 Hz), 3.70 (1H, d,
J=18.7 Hz), 3.34 (1H, d, J=18.7 Hz), 1.64 (3H, d, J=7.0 Hz),
1.52 (9H, s).

Step (3): Compound 61c—Compound 61d—=Compound
1-61)

Compound 61¢ (973 mg, 1.00 mmol) was treated using the
same method as Example 46 to obtain Compound I-61.
(Yield: 248 mg, Yield: 31%)

'"H-NMR (D,0) &: 6.97 (1H, d, J=8.8 Hz), 6.88 (1H, d,
J=8.8 Hz), 5.87 (1H, d, J=4.9 Hz), 5.36 (1H, d, J=4.9 Hz),
4.66 (1H, q, J=7.1 Hz), 4.13 (1H, d, J=13.6 Hz), 3.96-3.50
(11H, m), 2.26-2.20 (4H, m), 1.49 (3H, d, I=7.1 Hz).

Elemental analysis for C,gH;,Cl,N,NaO,,S,(H,0),
(NaHCO;), ,

Caled.: C, 40.01; H, 4.42; Cl, 8.04; N, 11.14; S, 7.16; Na,
2.82.

Found.: C, 39.94; H, 4.39; C1, 8.10; N, 11.20; S, 7.33; Na,
2.89.

Example 62

Synthesis of Compound (I-62)

[Formula 108]

OPMB
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Step (1): Compound 6lc—Compound 62a—=Compound

Caled.: C, 40.33; H, 4.53; C1, 7.78; N, 10.93; S, 6.99; Na,

(1-62) 2.78.
Compound 61c (973 mg, 1.00 mmol) was treated using the 4, Found.: C. 40.26: H. 4.41: CL 7.90: N. 10.92: S. 7.14: Na
same method as Example 46 to obtain Compound I-62. 232 ’ T T Y > T

(Yield: 282 mg, Yield: 35%)

'H-NMR (D,0) 8: 6.96 (1H, dd, 1=8.2, 2.1 Hz), 6.83 (1H,
d, J=8.2 Hz), 5.87 (1H, d, J=5.0 Hz), 5.35 (1H, dd, J=8.1, 5.0
Hz), 4.92-4.60 (1H, m), 4.46-4.23 (2H, m), 3.99-3.41 (11H, 45
m), 2.39-2.09 (4H, m), 1.49 (3H, q, J=4.4 Hz).

Elemental analysis for C;,H;,CL,N,NaO,,S,(H,0), ¢
(NaHCO3),

1y, te,,

OBH

Example 63

Synthesis of Compound (I-63)

[Formula 109]
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Step (1): Compound 35h—+Compound 63a—Compound Calcd.: C, 41.50; H, 4.96; Cl, 4.08; N, 11.02; S, 6.83; Na,
(1-63) 40 2 70.
Compound 35h (892 mg, 1.00 mmol) was treated using the Found.: C. 41.35: H. 4.78: CL 4.06: N. 11.21: S. 7.34: Na

same method as Example 46 to obtain Compound I-63. .89
(Yield: 443 mg, Yield: 57%) et
'H-NMR (D,0) §: 7.01-6.94 (2H, m), 6.86-6.82 (1H, m),
5.88 (1H, d, J=4.9 Hz), 5.36 (1H, dd, 8.4, 4.9 Hz), 4.89-4.84 45
(1H, m), 4.69-4.61 (1H, m), 4.46-4.23 (2H, m), 4.00-3.42 Example 64
(10H, m), 2.49-1.99 (4H, m), 1.48 (3H, q, J=4.9 Hz).
Elemental analysis for C;oH;,CIN,NaO,,S,(H,0);,
(NaHCO;), 4 Synthesis of Compound (I-64)

[Formula 110]

Ot-Bu

" ﬂ ﬁz &%X:ﬁ

OPMB



US 9,145,425 B2

241 242
-continued
O
Ot-Bu
o O ClL
e
N OPMB
| H N
BocHN\(N N, S
28 9=0% v
cl O
r
(@) OPMB
64a
O
ONa®
O Cl
/O
I‘i OH
H N
HZN\(N N, S
S / (@] N / \N OH
cl O
(@) O
I-64
Step (1): Compound 47a—Compound 64a—Compound Calcd.: C, 41.00; H, 4.58; Cl, 8.04; N, 10.76; S, 7.79; Na,
(1-64) 2.82.

Compound 47a (831 mg, 1 mmol) was treated using the ) ) ) . . .
same method as Example 46 to obtain Compound 1-64. 45 Found.: C, 40.96; H, 4.56; C1,7.78; N, 10.75; S, 7.03; Na,
(Yield: 488 mg, Yield: 60%) 2.77.

'H-NMR (D,0) §: 6.97-6.93 (1H, m), 6.87-6.83 (1H, m),

5.90-5.86 (1H, m), 5.38-5.33 (1H, m), 4.20-3.82 (5H, m), Example 65
3.65-2.95 (12H, m), 1.53-1.51 (6H, m).

Elemental analysis for C;;H;,Cl,N.-NaO,,S,(H,0),
(NaHCO;), , Synthesis of Compound (I-65)

[Formula 111]
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Step (1): Compound 65a—Compound 65¢—Compound 91 Elemental analysis for C,oH,oCIN,O,,S,Na(NaHCO,), 5

Compound 65a (1.03 g, 1.0 mmol) was dissolved in meth- H,0), 4
ylene chloride (10 mL). Compound 65b (0.40 g, 1.0 mmol), 40  Caled.: C,37.97; H, 4.89; Cl, 3.62; N, 10.77; S, 6.96; Na,
pyridine (0.103 g, 1.3 mmol), and hydrochloric acid salt of 3.12.

l-(dimethylaminopropyl)-3-ethylcarbodiimide (230 mg, 1.2 Found.: C, 3802, H, 4915 Cl, 383, N, 1059, S, 693, Na,

mmol) were added, and then stirred at —10° C. Purified water 3.23.

was added to the reaction solution, and then the aqueous layer TH-NMR (D,0) &: 7.04-7.03 (1H, m), 6.94-6.91 (1H, m)
P YN B s s O. . ] El

was extracted with ethyl acetate. The organic layer was 45 6.80-6.77 (1H, m), 5.89-5.88 (1H, m), 537-5.35 (1H, m),

washed with purified water,then saturated brine. The Organic 4 o1 (117, 1, 1-4.0 117, 4.24-4.06 (1, m), 3.91-3.42 (1211,
ayer was cn dried wi ydrous magnesium suliate. m), 2.50-2.11 (SH, m)

Magnesium sulfate was removed by filtration to yield Com-
pound 65c. Compound 65¢ was treated using the same

method as Compound 31b of Example 31 to yield Compound 50 Example 66
1-65. (Yield: 170 mg, Yield: 23%).
MS (m+1)=736.32 Synthesis of Compound (II-1)
[Formula 112]
:S (€] (€] (€] Cl
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Step (1): Compound ii-la+compound ii-1b—=compound
ii-1c—=compound II-1

Sodium iodide (9.07 g, 60.5 mmol) was added to a solution
of compound (32.99 g, 30.3 mmol) dimethylacetoamide (99
mL), and the resultant solution was stirred at room tempera-
ture for 5 minutes. The reaction solution was cooled to 0° C.,
and thereto was dropwise added compoundii-1b (15.8 g, 30.3
mmol) over 1 hour. Thereto was added sodium hydrogencar-
bonate (10.2 g, 121 mmol), and the solution was stirred at 15°
C. for 1 hour. Next, thereto was added N,N-dimethylforma-
mide (200 mL), and the solution was cooled to -40° C.
Thereto was added phosphorus tribromide (5.71 mL, 60.5
mmol), and the solution was stirred for 1 hour. The reaction
solution was added to a cooled 5% aqueous sodium hydro-
gensulfite solution (3 L). The resultant was filtrated, and the
target phase was washed with water, and air-dried to yield
compound ii-1c. Next, anisole (1.0 mL, 10 mmol) was added
to a solution of yielded compound ii-1c (1.95 g, 1 mmol) in
methylene chloride (10 mL), and the resultant solution was
cooled to —40° C. Thereto was added a 2M/L,, solution (5 ml)
of aluminum chloride in nitromethane, and then the resultant
solution was stirred at 0° C. for 50 minutes. The reaction
liquid was poured to 2 N hydrochloric acid (60 mL), aceto-
nitrile (50 mL) and diethyl ether (100 mL). The water phase

S 0
BocHN—<\ | i S
T );f (o)
N N N_..u\\\ lnm.,,
\ g 7 ®
0
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s

(€] Cl
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45
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65

was washed with diethyl ether, concentrated under reduced
pressure, and then subjected to BP-20SS column chromatog-
raphy to elute out a desired compound with acetonitrile/a 0.02
N aqueous hydrochloric acid solution. The eluent was con-
centrated under reduced pressure, and again subjected to
HP-20SS column chromatography to elute out the compound
again with acetonitrile/water. The resultant desired fraction
was collected, and then a 0.2 N aqueous sodium hydroxide
solution was added to the fraction to adjust the pH thereof to
6. In this way, the compound was converted to a sodium salt
thereof, and then the salt was concentrated under reduced
pressure. The liquid condensate was freeze-dried to yield
compound II-1 as a white non-crystalline powder.

Yield: 57.8 mg (7.4%)

'H-NMR (D,0) §: 2.20-4.80 (15.5H, m), 5.33-37 (1H, m),
5.45-5.60 (0.5H, m), 5.85-5.88 (1H, m), 6.75-6.76 (1H, m),
6.90-6.93 (1H, m), 7.07 (1H, s)

Elem. Anal C,H,,NiCIN,O,,S,Na.5.8H,0.(NaHCO3)
0.2

Calcd.: C, 40.06; H, 4.54; C1, 3.92; N, 12.38; S, 7.08; Na,
3.05 (%).

Found: C, 39.95; H, 4.27; Cl, 4.20; N, 12.41; S, 7.00; Na,
3.28 (%).
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Example 67
Synthesis of Compound (1I-2)
[Formula 113]
OPMB OPMB
- X
O
2HCI }\1 OPMB OPMB
Me N=N O Cl " /N O Cl
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Step (1): compound ii-2—compound ii-2¢

Compound ii-2b (12.81 g, 23.5 mmol) and diisopropy-
lamine (14.3 mL, 82 mmol) were added to a suspension of
compound ii-2a (5.0 g, 23.5 mmol) in methylene chloride (80
ml) while cooled with ice. At room temperature, the liquid
was stirred at room temperature for 2 hours, and then allowed
to stand still overnight. To the reaction liquid was added 0.2 N
sodium hydroxide, and then the resultant liquid was subjected
to extraction 3 times with chloroform. The collected organic
phase was dried over anhydrous magnesium sulfate, filtrated,
and then concentrated. The resultant crude product was puri-
fied by silica gel column chromatography (methanol/ethyl
acetate containing 2% triethylamine) to yield compound ii-2¢
(11.6 g, 90%)

'H-NMR (CDCl,) 8: 1.68 (2H, d, J=15.0 Hz), 1.91-2.04
(5H, m), 2.14 (3H, s), 2.97 (2H, brs), 3.75 (3H, s), 3.76 (3H,

ﬁ*ﬁg@ﬂ

65

Cl

1I-2

s),3.83 (1H,m),4.87 (2H, s), 5.15(2H, 5), 6.87 (2H, d, J=8.10
Hz), 6.97 (2H, d, ]=8.40 Hz), 7.07 (1H, d, J=9.00 Hz), 7.32
(2H, d, J=8.40), 7.42 (2H, d, J=8.10 Hz), 8.00 (1H, d, J=4.80
Hz).
Step (2) compound ii-2d—=compound 11-2

Compound ii-2¢ (463 mg, 0.84 mmol) and sodium iodide
(240 mg, 160 mmol) were added to a solution of compound
ii-2d (637 mg, 0.80 mmol) in dimethylacetoamide (2 ml.)
while cooled with ice. The resultant solution was stirred at 10°
C. for 8 hours. The solution was allowed to stand still in a
refrigerator overnight, and then diluted with N,N-dimethyl-
formamide (4 mL) and cooled to —40° C. Thereto was added
phosphorus tribromide (0.156 mL, 1.6 mmol), and the solu-
tion was stirred at the same temperature for 1 hour. The
reaction liquid was poured into a 5% salt solution in an ice
bath. The precipitated solid was collected by filtration, and
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dried under reduced pressure to yield a crude product (1.18 g)
containing compound ii-2f. This crude product was dissolved
in methylene chloride (12 mL), and then thereto were added
anisole (0.87 mL, 8.0 mmol), and an aluminum chloride
solution (2.0 M, 4 mL,, 8.0 mmol) in nitromethane at —-40° C.
The reaction liquid was stirred inside an ice bath for 1 hour,
and then poured into a mixed liquid of 1 N hydrochloric acid
and acetonitrile (1:1). This solution was washed with diiso-
propyl ether. HP-20SS was added to the water phase, and then

acetonitrile was distilled off under reduced pressure. The 10

resultant suspension was purified by ODS column chroma-
tography. The resultant target-substance-containing fraction
was concentrated, and then freeze-dried to yield compound
1I-2 (25 mg).

I
H
BocHN |
0C. _<\ N S
N
J N _~# cl o+
\
[¢]
COOBH
[T
HOOC COOBH

ii-3a

s 0
Hﬂﬂ——<§ | g
T
N
\ o
o)
HOOC COOH

Me

55

60

250

'H-NMR (D,0+NaHCO03) &: 1.50 (3H, s), 1.52 (3, s).
2.16 (21, d, J=16.8 Hz), 2.40-2.58 (4H, m), 2.66-2.80 (2M,
m), 3.09 (3H, s), 3.48 (11, d, I=17.1 Hz), 3.92-4.08 (411, m),
4.21 (1, t, J=7.5 Hz), 4.62 (11, d, J=14.1 Hz), 5.36 (1H, d,
J=4.8 Hz), 5.88 (1, d, J=4.8 Hz), 6.88 (1M, d, J=8.4 Hz),
6.93 (1H, d, J=8.4 Hz), 6.96 (1ML, s).

Elem. Anal.: C32H36CIN7010S2(H20)4.0

Caled.: C, 45.20; H, 5.22; C1, 4.17; N, 11.53; S, 7.54 (%).

Found: C, 45.17; H, 5.20; Cl, 433; N, 11.11; S, 7.62 (%).

Example 68

Synthesis of Compound (11-3)

[Formula 114]

OPMB
el
N D ——
OPMB
N e}
P Cl
ii-2¢
oH
el
S N
OH
~
N [0} Cl
A S
CcCoO”

1I-3

Step (1): compound ii-3a—compound I1-3

Compound ii-3a (919 mg) was used to conduct the same
may instep 2 in Example 67 to yield compound I1I-3 (191 mg).

'"H-NMR (D,0+NaHCO3) &: 2.16 (2H, d, ]=16.8 Hz),
2.39-2.59 (4H, m), 2.70-2.82 (4H, m), 3.09 (3H, s), 3.48 (1H,
d,J=16.8 Hz),3.89-4.11 (4H, m), 4.22 (1H, t,J=7.2 Hz), 4.60
(1H,d,J=13.8 Hz),4.97 (1H, m), 5.34 (1H, d, J=4.8 Hz), 5.83
(1H, d, J=4.8 Hz), 6.90 (1H, d, J=8.4 Hz), 6.94 (1H, d, J=8.4
Hz), 7.10 (1H, s).

Elem. Anal.: C32H34CIN7012S2(H20)2.9

Caled.: C, 44.67; H, 4.66; Cl, 4.12; N, 11.39; S, 7.45 (%).

Found: C, 44.67; H, 4.80; C14.12; N, 11.36; S, 7.37 (%).
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Example 69

Synthesis of Compound (11-4)

S O fo)
BocHN—<\ | i Q
N
N N~ a o+
\ o
0
COOBH
/II|||---< Me/
COOBH
ii-4a
S 0

HZN—<\ | g q
N

[Formula 115]
OPMB
H
N e —
OPMB
N (6] Cl
ii-2¢

OH
H\’(Q[
N
OH
1\! j;@QN E ] 0 cl
\ +

COoO”

Step (1): compound ii-4a—compound 11-4

Compound ii-4a (819 mg) was used to conduct the same
way in step 2 in Example 67 to synthesize and purify a
compound. Thereafter, to the fraction containing compound
1I-4 was added 0.2 N sodium hydroxide to adjust the pH
thereofto 7. A piece of dry ice was added Co this solution, and
then the resultant was concentrated and freeze-dried to yield
compound I1-4.

'H-NMR (D,0) 8: 0.98 (3H, t, I=7.5 Hz), 1.88 (2H, m),
2.17 (2H, d, J=16.8 Hz), 2.42-2.55 (4H, m), 2.70-2.82 (2H,
m), 3.09 (3H, s), 3.48 (1H, d, I=16.8 Hz), 3.93-4.09 (4H, m),
4.23(1H,t,J=7.20Hz), 4.51-4.64 (2H, m), 5.37 (1H, d, J=5.0
Hz), 5.86 (1H, d, J=5.0Hz), 6.86 (1H, d, ]=8.4 Hz), 6.90 (1H,
d, J=8.4 Hz), 7.00 (1H, s).

N S
\ )ﬁ_Nr F Ccl o+
o] o]
JUTTIEES COOBH
HBOOC COOBH

ii-5a

1I-4

Elem. Anal.: C32H35CIN701082(H20)4.1(NaHCO03)0.4
Calcd.: C,42.87; H, 4.84; C1, 3.91; N, 10.80; S, 7.07; Na,
403,55 (%).
Found: C, 42.81; H, 5.03; Cl, 4.19; N, 11.08; S, 7.08; Na,
3.58 (%).
45

Example 70

Synthesis of Compound (I1I-5)

[Formula 116]

OPMB

pdas)

OPMB

ii-2¢
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COONa*

Step (1): compound ii-5a—compound II-5

The same synthesis method as in step (2) in Example 67
was used to yield, from compound ii-5a (996 mg), compound
1I-5 (325 mg).

'H-NMR (D,0) &: 2.17 (2H, d, I=16.2 Hz), 2.36-2.60 (4H,

15

m), 2.71-2.82 (4H, m), 3.09 (3H, 5), 3.49 (111, d, I=16.8 Hz), 20

3.88-4.02 (3H, m), 4.11 (1M, d, J=13.8 Hz), 4.23 (11, 1, =72
Hz), 4.60 (11, d,J=13.8 Hz), 4.98 (11, m), 5.33 (1, d, ]=4.8
Hz), 5.84 (1H, d, ]=4.8 Hz), 6.85 (11, d, ]=8.4 Hz), 6.89 (11,
d, I=8.4 Hz).

ey j\)L ;QV

COOBH

COOBu

ii-6¢

COONa*

H
N, S
| N
N\ N7 Sy
o) o *
oo

50

55

60

65

OH
H
N S N
N\ N~ Ny 0 al

COO”

1I-5

Elem.  Anal:  C32H31CI2N7NaO12S2(H20)5.7
(NaHC03)0.2

Caled.: C, 38.44; H, 4.27; Cl, 7.05; N, 9.74; S, 6.37; Na,
5.03 (%).

Found: C, 38.43; H, 4.20; Cl, 6.94; N, 9.82; S, 6.18; Na,
5.26 (%).

Example 71

Synthesis of Compound (11-6)
[Formula 117]

0 ci
on
N
_
N
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ii-6b
0 al
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1I-6

Step (1): compound ii-6a—compound ii-6b

The same synthesis method as in step (1) in Example 67
was used to yield compound ii-6b (2.30 g) from compound
ii-6a (734 mg).

'"H-NMR (CDCl,) §: 1.65-2.04 (4H, m), 2.29 (3H, s),
2.88-3.39 (5H, m), 3.79 (3H, s), 3.83 (3H, s), 4.34 (1H, m),
4.91-5.06 (4H, m), 6.79 (2H, m), 6.82-7.01 (4H, n), 7.29-7.37
(4H, m).

Step (2): compound ii-6b+compound ii-6¢c—compound I1-6

The same method as in step (2) in Example 67 was used to
yield compound I1-6 (241 mg) from compound ii-6¢ (678 mg)
and compound ii-6b (473 mg).

'H-NMR (D,0) §: 1.50 (3H, s), 1.51 (3H, s), 2.00-2.38
(2H, m), 2.40-2.61 (2H, m), 3.27 (3H, 5), 3.40-3.62 (3H, m),
3.72-4.30 (5H, m), 4.45 (1H, m), 4.65 (1H, m), 5.36 (1H, m),
5.88 (1H, d, J=4.8 Hz) 6.71-7.00 (3H, m).

Elem. Anal.: C31H33CIN7NaO10S2(H20)7.9(NaHCO3)
02

Caled.: C,39.64; H, 5.22; Cl, 3.75; N, 10.37; S, 6.78; Na,
2.92 (%).

Found: C, 39.58; H, 5.10; Cl, 3.79; N, 10.47; S, 6.91; Na,
2.97 (%).
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Example 72
Synthesis of Compound (1I-7)
[Formula 118]
S
(6]
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N N, S OH
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N N
N g 7 : o
COoO”

*Na00C COONa*

1I-7

30
Step (1): compound ii-3a—compound I1-7

By the same method as in step (2) in Example 67, com-
pound ii-3a (1.12 g) and compound ii-6b (532 mg) were used

Caled.: C, 38.18; H, 4.67; C1, 3.64; N, 10.06; S, 6.58; Na,
4.72 (%).

Found: C, 37.98; H, 4.58; Cl, 3.91; N, 10.04; S, 7.05; Na,
to yield compound. II-7 (403 mg). 4.86 (%).
IH-NMR (D.0) §: 2.00-2.30 (2H, m), 2.40-2.61 (2H, m), 35
2.70 (2H, m), 3.28 (3H, s), 3.42-3.62 (31, m), 3.75-4.32 (5L, Eamole 73
m), 4.45 (1H, d, J=15.9 Hz), 4.70 (1H, m), 4.96 (1H, m), 5.33 xample

(1H, m), 5.83 (11, d, J=2.4 Hz), 6.77-7.00 (3H, m).
Elem. Anal.: C31H30CIN7Na0O2012S82(H20)7.6

NH,
z OPMB
E S 0
+ N7 Y@EOPMB
N
| =N 0 al
Me
) ii-2b
ii-8a

Synthesis of Compound (I11-8)

[Formula 119]
OPMB

OPMB

Me

ii-8b

R
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-continued
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Step (1): compound ii-8a+compound ii-2b—compound ii-8b 15

Compound ii-2b (5.46 g, 10 mmol) was added to a solution
of compound 11-8a (1.40 g, 10 mmol) in methylene chloride
(20 mL), and then the resultant solution was stirred at room
temperature for 3 hours. To the reaction liquid was added a 0.2
N aqueous sodium hydroxide solution, and then the resultant 20
liquid was subjected to extraction 3 times with chloroform.
The target phase was dried over anhydrous magnesium sul-
fate and filtrated, and then concentrated under reduced pres-
sure. The precipitated solid was washed with diisopropyl
ether containing 5% methylene chloride, and then collected 25
by filtration. This compound was dried under reduced pres-
sure to yield compound ii-8b (5.20 g).

'H-NMR (CDCl,) &: 1.57-1.78 (4H, m), 1.92-2.01 (4H, s),
(3H, s), 3.19 (2H, brs), 3.80 (3H, s), 3.82 (3H, s), 4.30 (1H,
m), 4.93 (2H, s), 5.07 (2H, s), 6.03 (1H, d, J=8.4 Hz), 6.82 30
(2H, m), 6.91 (3H, m), 7.31-7.40 (5H, m).

Step (2): compound ii-8c—compound I1-8

\
0
COOBH
Wi Me
HBOOC COOBH
ii-3a
g 0
Hﬂﬂ——<§ |
N
| 4
\
0
HOOC COOH

By the same method as in step (2) in Example 67, com-
pound ii-8c¢ (749 mg, purity: 99%) and compound ii-8b (485
mol were used to yield compound ii-8 (258 mg).

'"H-NMR (D,0) 8: 1.50 (3H, s), 1.52 (3H, s), 2.10-2.60
(8H,m),3.17 (3H,s),3.49 (1H, d, J=16.5 Hz), 3.91-4.10 (4H,
m), 4.48 (1H, m), 4.62 (1H, d, J=13.8 Hz), 5.36 (1H, d, I=5.1
Hz), 5.88 (1H, d, J=5.1 Hz), 6.85-6.97 (3H, m).

Elem. Anal.: C32H35CIN7NaO,,S2(H20)5.9(NaHCO3)
0.1

Caled.: C,12.29; H, 5.18; C1, 3.89; N, 10.75; S, 7.03; Na,
2.77 (%).

Found: C, 42.36; H, 5.23; Cl, 3.96; N, 10.64; S, 6.99; Na,
2.85 (%).

Example 74

Synthesis of Compound (11-9)

[Formula 120]
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Step (1): compound ii-3a—compound I1-9 Elem. Anal.: C32H22CIN7Na2012S2(H20)6.0
By the same method as in step (2) in Example 67, com- Caled.: C, 40.02; H, 4.62; C1, 3.69; N, 10.21; S, 6.68; Na,
pound ii-3a (1.14 g, purity: 91%) and compound ii-8b (546 479 (%).
ma) were used to yield compound I1-9 (186 mg). Found: C, 40.12; H, 4.71; Cl, 3.81; N, 9.97; S, 6.60; Na,

"H-NMR (D,0) : 2.14-2.40 (6H, m), 2.55 2H, m), 2.71 5 475 (o4’
(2H, m), 3.17 3H, s), 3.48 (11, d, I=17.1 Hz), 3.90 (1H, d,
J=17.1 Hz), 3.99-4.13 (2H, m), 4.52 (1H, m), 4.60 (1H, d,

J=14.4Hz),4.97 (1H, m), 5.33 (1H, d, 1-5.1 Hz), 5.83 (1H, d, Example 75
J=5.1 Hz), 6.88 (1H, d, J=8.4 Hz), 6.94 (1H, d, -8.4 Hz),
7.00 (1H, s). Synthesis of Compound (I11-10)
[Formula 121]
OPMB
0
- OPMB
0 al
=N 0 Cl
OPMB
= NH,"CI- ii-2b “ N
™ X
N N OPMB
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Step (1): compound ii-10b+compound ii-2b+compound
ii-10c

Triethylamine (1.56 ml, 11.25 mmol) was added to a
solution of compound ii-10b (1.92 g, 11.25 mmol) in N,N-
dimethylformamide (15 mL) while cooled with ice and
stirred. The resultant solution was then stirred at room tem-
perature for 10 minutes, and then thereto was added com-
pound ii-2b (6.14 g, 11.25 mmol). The solution was stirred at
60° C. for 4 hours, and then the solvent was distilled off under
reduced pressure. The residue was subjected to extraction
with ethyl acetate, tetrahydrofuran, and a saturated aqueous
potassium carbonate solution. The organic phase was washed
with a saturated salt solution, and then dried over magnesium
sulfate. Magnesium sulfate was removed, and the organic
phase was concentrated and then subjected to silica gel col-
umn chromatography. The resultant desired-compound-con-
taining fraction was concentrated and dried under reduced
pressure to yield compound ii-10c (3.15 g, yield: 51%)

'H-NMR (CDCl,) &: 8.44 (1H, d, J=4.5 Hz), 7.50 (1H, 4,
J=7.6 Hz), 7.37-7.33 (4H, m), 7.18 (1H, dd, J=4.5, 7.6 Hz),
7.11-6.80 (6H, m), 5.09-4.79 (6H, m), 3.34 (3H, s), 3.80 (3H,
s), 3.55-2.65 (4H, m).
Step (2): compound ii-10d—compound ii-10e

Compound ii-10d (1.18 g, 1.00 mmol) was dissolved in
dimethylacetoamide (3.5 mL), and then the reaction vessel
was degassed. Thereafter, thereto was added sodium iodide
(300 mg, 2.00 mmol), and the solution was stirred at room
temperature for 10 minutes. To this solution was added com-
pound ii-10c (545 mg, 1.00 mmol), and the resultant solution
was stirred at room temperature for 6.5 hours. To the reaction
liquid were added ethyl acetate and a 0.2 N aqueous hydro-
chloric acid solution to conduct extraction. Thereafter, the
organic phase was washed with a saturated salt solution, and

dried over magnesium sulfate. Magnesium sulfate was

25

30

35

40

45
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II-10

removed, and the organic phase was concentrated under
reduced pressure to yield compound ii-10e (1.10 g)
Step (3): compound ii-10e—compound I1-10

The total amount of compound ii-10e yielded in step (2)
was dissolved in dichloromethane (18 mL), and the solution
was cooled to —40° C. Thereto was added phosphorus tribro-
mide (0.283 mL, 3.00 mmol), and the solution was stirred at
-40° C. for 30 minutes. Anisole (1.092 ml, 10.0 mmol) was
added to the reaction liquid, and then thereto was added a 2M
aluminum chloride solution (5.00 ml, 10.0 mmol) in
nitromethane at —40° C. The solution was then stirred at -20°
C. to -10° C. for 40 minutes. The reaction liquid was dis-
solved in a 0.2 N aqueous hydrochloric acid solution and
acetonitrile, and then the resultant solution was washed with
diisopropyl ether. RP-20SS resin was added to the water
phase, and the resultant was concentrated. Thereafter, the
liquid condensate was subjected to ODS column chromatog-
raphy to elute out a desired compound with water/acetoni-
trile. To the desired-compound-containing fraction was
added a 0.2 N aqueous sodium hydroxide solution to convert
the compound to a sodium salt thereof. The salt-containing
solution was then concentrated under reduced pressure and
freeze-dried to yield compound I1-10 (303 mg, yield: 34%) as
a powder.

MS: 836.21 (M+H).

'"H-NMR (D,0) §: 8.79-7.86 (3H, m), 6.96 (1H, t, ]=8.4
Hz),6.85(1H,t,]=8.4 Hz), 5.81-4.93 (6H, m), 3.80 (1H, brs),
4.39-3.17 (6H, m), 2.74 (2H, d, J=6.7 Hz).

Elem. Anal. C32H25CI2N7Na2012S82(H20)8.5 (NaCl)
1.5

Caled.: C,34.27, H,3.78; N, 8.74; S, 5.72; Cl, 11.07; Na,
7.18 (%).

Found: C, 34.10; H, 3.51; N, 8.86; S, 6.11; Cl, 11.35; Na,
7.53 (%).
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Example 76

Synthesis of Compound (I11-11)

[Formula 122]
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Step (1): compound ii-2d+compound ii-11a—compound Elem. Anal. C32H29CIN7NaO10S2(H20)6.0(NaHCO3)
ii-11b—compound 1I-11 60 0.01
Compound ii-2d (796 mg, 1.00 mmol) was treated in the
in step (2) followed by step (3) in E le 75 t
same may as in step (2) followed by step (3) in Example 75 to Caled.: C, 42.57; H, 4.58; CI, 3.93; N, 10.86; S, 7.10; Na,

yield compound II-11 (yielded amount: 341 mg, yield: 36%).
MS: 772.18 (M+H)
'H-NMR (D,0) &: 8.76 (1H, d, ]=5.3 Hz), 8.43-7.82 (2H, 65
m), 6.98-6.82 (3H, m), 5.88 (1H, d, J=4.6 Hz), 5.60-5.10 (4H, Found: C, 43.39; H, 4.34; Cl, 4.21; N, 11.03; S, 7.29; Na,
m), 4.40-2.91 (7H, m), 1.50 (3H, s), 1.49 (3H, s). 2.83.

2.57.
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Example 77

Synthesis of Compound (11-12)

OPMB
o
}\1/ OPMB
N N==N 0 Cl
“ NIL*Cl- ii-2b
Y

ii-12a

‘ _CO,t-Bu

o

75}
+

0
N
| il
N N ii-12b
BocHN% |
. 0 N~ al
d

(6] OPMB
ii-2d

_CO,t-Bu

o

N/O
N | g S I N
BocHN‘</ | |
S o] N A NI yZ
(@]
OPMB N

O

ii-12¢

R

OPMB

266

ii-12b

OPMB

Cl

[Formula 123]
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Step (1): compound ii-12a—compound ii-2b—compound
ii-12b

Compound ii-12a (2.00 g, 11.72 mmol) was treated in the
same way as in step (1) in Example 75 to yield compound
ii-12b (yielded amount: 3.34 g, yield: 52%).

'H-NMR (CDCl,) §: 8.48-8.34 (1H, m), 7.49-7.31 (5H,
m),7.12(1H,dd,J=7.5,4.5Hz),7.02-6.89 (4H,m), 6.86-6.83 30
(2H, m), 5.10-5.07 (8H, m), 4.58-4.40 (1H, m), 4.15-3.96
(1H, m), 3.83 (3H, s), 3.79 (3H, s), 3.52-3.35 (1H, m), 3.00-
2.65 (2H, m).

Step (2): compound ii-2d—=compound ii-12b—compound
1I-12

Compound ii-2d (956 mg, 1.20 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound 11-12 (yielded amount: 109 mg, yield: 11%).
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OPMB
0 Cl

Cl OH

OH
II-12

MS: 773.38 (M+H)

'H-NMR (D,0) &: 8.82-7.70 (3H, m), 7.03-6.81 (3H, m),
5.92-5.83 (1H, m), 5.46-4.47 (5H, m), 3.78-2.84 (6H, m),
1.51 (3H, s), 1.50 (3H, s).

Elem. Anal. C32H29CIN7NaO10S2(H20)7.5 (NaCl) 0.5

Calcd.: C, 40.10; H, 4.63; Cl, 5.55; N, 10.23; S, 6.69; Na,
3.60.

Found: C, 40.04; H, 4.41; Cl, 5.32; N, 10.01; S, 7.04; Na,
3.99.

Example 78

Synthesis of Compound (11-13)

[Formula 124]

 ——

OPMB
ii-13b
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-continued

S—N

Step (1): compound ii-13a—compound ii-13b—=compound 15
1I-13

Compound ii-13a (1.15 g, 1.00 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound 11-13 (yielded amount: 384 mg, yield.:
46%).

MS: 795.39 (M+H)

'H-NMR (D,0) 8: 6.98-6.94 (1H, m), 6.87-6.82 (1H, m),
5.86-5.82 (1H, m), 5.34-5.29 (1H, m), 5.08-5.03 (1H, m),
4.46-3.25 (12H, m), 2.78-2.74 (2H, m), 2.50-1.99 (5H, m).

20

HZN_QN)\N'HOL% : : : .
b aevou

Elem. Anal. C30H29CIN8Na201282(H30)9.3 (NaCl) 0.1

Calcd.: C,35.59; H, 4.74; C1, 3.85;, N, 11.07; S, 6.33; Na,
4.77.

Found: C, 35.64; H, 4.68; Cl, 3.84; N, 11.16; S, 6.32; Na,
4.43.

Example 79

Synthesis of Compound (11-14)

[Formula 125]
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Step (1): compound ii-14a—compound ii-13b—=compound
1I-14

Compound ii-14a (1.03 g, 1.10 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound 1I-14 (yielded amount: 256 mg, yield: 33%).

MS: 751.37 (M+H)

'H-NMR (D,0) §: 6.97-6.93 (1H, m), 6.86-6.81 (1H, m),
5.91-5.87 (1H, m), 5.38-5.33 (1H, m), 4.76-4.72 (1H, m),
4.46-3.24 (13H, m), 2.50-1.98 (4H, m), 1.51 (3H, q, J=3.5
Hz).

F
HO
MeO
ii-15a ii-15b
F
HO HO
R —
MeO CHO ME\O
ii-15b
F
PMBO.
—_—
PMBO COOMe
ii-15fF

e — j\} J;(E

COzt Bu
ii-15;

272
Elem. Anal. C29H30CIN8NaO10S2(H20)5.6(NaHCO3)
0.1
Calcd.: C,39.61; H, 4.72; Cl, 4.02; N, 12.70; S, 7.27; Na,
2.87.
Found: C, 39.68; H, 4.81; Cl, 4.18; N, 12.63; S, 7.20; Na,
2.54.

Example 80

Synthesis of Compound (I11-15)

[Formula 126]
ii-15¢
F
HO
R — R —
COH HO COOMe
ii-15d ii-15¢
F N
\/\NH2
PMBO
ii-15h
PMBO COOH
ii-15g
) I
N OPMB
\/\N
H
OPMB
F
ii-151
[Formula 127]
ii-15i  ——
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S -continued
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Step (1): compound ii-15a—=compound ii-15b+compound
ii-15¢

Hexamethylenetetramine (178 g, 1.27 mmol) was dis-
solved in trifluoroacetic acid (330 ml), and the solution was
heated to 80° C. To the solution was dropwise added a solu-
tion of compound ii-15a (90 g, 633 mmol) in trifluoroacetic
acid (330 mL) over 1.5 hours. Thereafter, the solution was
stirred at 80° C. for 1 hour. The reaction liquid was cooled to
room temperature, and thereto was added a 20% aqueous
sodium carbonate solution to adjust the pH thereof to 8.
Thereafter, a 2 N aqueous hydrochloric acid solution was
used to adjust the pH to 4. The liquid was subjected to extrac-
tion with ethyl acetate, and then activated carbon and mag-
nesium sulfate were added to the target phase. The solution
was subjected to filtration. The solution was concentrated
while the residue was subjected to silica chromatography.
The resultant desired-compound-containing fraction was
concentrated and dried under reduced pressure to yield each
of compound ii-15b (38.8 g, yield: 36%) and compound
ii-15¢ (28.0 g, yield: 26%).

'H-NMR (DMSO-d) &: 10.48 (1H, s), 9.77 (1H, s), 7.39
(1H, d, J=10.2 Hz), 7.34 (1H, s), 3.89 (3H, s) 15b

'H-NMR (DMSO-dy) &: 10.02 (1H, s), 9.65 (1H, s), 7.31
(1H, dd, J=8.1, 8.1 Hz), 6.98 (1H, d, J=8.1 Hz), 3.90 (3H, s).
15¢
Step (2): compound ii-15b—compound ii-15d

Amide sulfuric acid (48.7 g, 501 mmol) and water (750
ml ) were added to a solution of compound ii-15b (38.8 g, 228
mmol) in dioxane (750 mL). The resultant solution was
stirred while cooled with ice. To the solution was added
sodium chlorite (45.3 g, 501 mmol). While cooled with ice,
the solution was stirred for 30 minutes, and then thereto was
dropwise added a 25% aqueous sodium hydrogensulfite solu-
tion (100 mL). Next, the resultant was subjected to extraction
with ethyl acetate, and the organic phase was washed with a
saturated salt solution. The solution was dried over magne-
sium sulfate. Magnesium sulfate was filtrated off, and then
the solution was concentrated. The residue was dried under
reduced pressure to yield compound ii-15d (42.6 g, yield:
100%).

II-15
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35
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'H-NMR (DMSO-d,) : 10.08 (1H, s), 7.33-7.29 (2H, m),
3.85 (3H, s).
Step (3): compound ii-15d—compound ii-15¢

Boron tribromide (64.9 mL, 687 mmol) was dropwise
added to a solution of compound ii-15d (42.5 g, 228 mmol) in
methylene chloride (480 mL) while cooled with ice. The
resultant solution was then stirred at room temperature for 2
hours. To the solution was added methanol (720 mL). The
resultant solution was then stirred at room temperature over-
night. Thereto was added ice water, and this liquid system was
subjected to extraction with ethyl acetate. Thereafter, the
organic phase was washed with a saturated salt solution. The
solution was dried over magnesium sulfate, and magnesium
sulfate was filtrated off. The solution was then concentrated.
The residue was dried under reduced pressure to yield com-
pound ii-15e (80.9 g).

'H-NMR (DMSO-dy) 8: 9.98 (1H, brs), 7.24-7.14 (2H, m),
3.78 (3H, s>.
Step (4): compound ii-15e—=compound ii-15f

Potassium carbonate (145 g, 1.05 mg), sodium iodide (10.3
g, 68.7 mmol) and p-methoxybenzyl chloride (108 mL., 790
mmol) were successively added to a solution of compound
ii-15e (42.5 g, 228 mmol) in N,N-dimethylformamide (420
mL), and then the resultant solution was stirred at 50° C. for
4 hours. Furthermore, thereto was added p-methoxybenzyl
chloride (15 mL, 110 mmol), and the solution was stirred at
50° C. for 2 hours. The solution was cooled to room tempera-
ture, and thereto were added ethyl acetate (1 L) and distilled
water (1 L) to conduct extraction. The organic phase was
washed with a saturated salt solution. The solution was dried
over magnesium sulfate, and magnesium sulfate was filtrated
off. The solution was then concentrated. The residue was
subjected to silica chromatography. The resultant desired-
compound-containing fraction was then concentrated, and
dried under reduced pressure to yield compound ii-15f (53.0
g, yield: 51%).

'"H-NMR (CDCl,) &: 7.46-7.24 (6H, m), 6.93-6.88 (2H,
m), 6.82-6.77 (2H, m), 5.09 (2H, s), 5.06 (2H, s), 3.88 (3H, s),
3.82 (3H, s),3.78 (3H, s).
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Step (5): compound ii-15f—=compound ii-15g

A 2 N aqueous sodium hydroxide solution (110 m[., 220
mmol) was added to a solution of compound ii-15f (47.0 g,
110 mmol) in tetrahydrofuran (250 ml.) and methanol (250
mL). The solution was then stirred for 1.5 hours while heated
and refluxed. The solution was cooled to room temperature,
and thereto was added 2 N hydrochloric acid (130 mL). The
resultant was concentrated. The resultant residue was fil-
trated, and the target phase was washed with tetrahydrofuran
and then dried under reduced pressure to yield compound
ii-15g (41.9 g, yield: 92%).

'H-NMR (CDCl,) 8: 7.50-7.44 (2H, m), 7.35 (2H, d, I=8.5
Hz),7.28 (2H, d, J=8.5Hz), 6.92 (2H, d, ]=8.5Hz), 6.81 (2H,
d,J=8.5Hz),5.12 (2H,s), 5.08 (2H, 5), 3.83 (3H, 5),3.79 (3H,
s).

Step (6): compound ii-15g—compound ii-151

Compound ii-15g (0.475 g, 1.15 mmol) was treated in the
same way as described in Japanese Patent Application No.
2010-087131 to yield compound ii-15i (0.586 g, yield:
100%).

'H-NMR (DMSO-d,) 8: 8.46 (1H, drs), 7.48-7.41 (3H, m),
731 (1H, d,1=10.1 Hz), 7.24 (2H, d, I=8.0 Hz), 6.98 (2H, d,

10

15

20
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J=8.0 Hz), 6.85 (2H, d, J=8.0 Hz), 5.13 (2H, 5), 5.01 (2H, s),
3.78 (3H, s), 3.73 (3H, s), 3.41-2.50 (8H, n), 1.70-1.65 (4H,
m).
Step (7): compound ii-15j—compound 1I-15

Compound ii-1.5j (970 mg, 1.15 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound II-15 (yielded amount: 350 mg, yield: 40%).

'H-NMR (D,0) &: 7.12-7.09 (2H, m), 6.94 (1H, s), 5.86
(1H,d,J=4.5Hz),5.36 (1H, d,J=4.5Hz),4.10 (1H, d, J=12.6"
Hz),3.95-3.84 (2H, m), 3.74-3.43 (9H, m), 2.22 (4H, 5), 1.51
(3H, s), 1.50 (3H, s).

MS: 736.49 (M+H)

Elem. Anal.
(NaHC03)0.1

Caled.: C, 41.52; H, 5.17; F, 2.18; N, 11.26; S, 7.37; Na,
2.90.

Found: C, 41.48; H, 5.03; F, 2.20; N, 11.32; S, 7.67; Na,
2.92.

C31H32CI2N7Na0O1082(H20)4.6

Example 81

Synthesis of Compound (I11-16)

[Formula 128]
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S -continued
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Step (1): compound ii-15g—compound ii-16b 15 'H-NMR (D,0) &: 7.01 (1H, s), 6.92-6.84 (2H, m), 5.83
Compound ii-15g (0.475 g, 1.15 mmol) was treated in the (1H, d, J=4.3 Hz), 5.33 (1H, d, J=4.3 Hz), 5.00-4.96 (1H, m),

same way as in step (6) in Example 80 to yield compound 4.88-3.46 (13H, m), 2.76-1.95 (6H, m).

ii-16b (0.600 g, yield: 100%). Elem. Anal. C31H30FN7Na2012S2(H20)7.1(NaHCO3)
'H-NMR (DMSO-d,) 8: 7.40 (2H, d, J=8.3 Hz), 7.27 (2H, 2 0.1

d,J=2.3 Hz), 6.97-6.94 (3H, m), 6.87-6.82 (3H, m), 5.13 (2H, Caled.: C, 38.99; H, 4.66; F, 1.98; N, 10.23; S, 6.69; Na,

s),4.99 (2H,5),3.76 (3H, 5),3.73 (3H, 5), 1.97-1.94 (13H, m). 5.04.

Step (2): compound ii-3a—>compound 11-16 Found: C, 38.91; H, 4.67; F, 1.85; N, 10.43; S, 6.97; Na,

4.91.
Compound ii-3a (1.29 g, 1.12 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to 25 Example 82
yield compound 1I-16 (yielded amount: 295 mg, yield: 32%).
MS: 778.46 (M+H) Synthesis of Compound (11-17)

[Formula 129]
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-continued

COy
CO,"Na*
II-17

Step (1): compound ii-17a—>compound ii-17b 15 'H-NMR (D,O) §: 8.91-6.97 (6H, m), 5.99-5.11 (2H, m),

Compound ii-17b (1.00 g, 6.75 mmol) synthesized in the 4.62-1.43 (18H, m).
same way as in U.S. Pat. No. 5,532,235 A1 (1996) was treated Elem. Anal. C33H31CIN7NaO1082(H20)8.3(NaHCO3)
in the same way as in step (1) in Example 75 to yield com- 0.1
pound ii-17b (yielded amount: 1.65 g, yield: 44%). Caled.: C, 41.15; H, 4.98; C1, 3.67; N, 10.15; S, 6.64; Na,

"H-NMR (CDCl,) 8: 8.45-6.62 (13M1, m), 4.93-4.88 (411, 20 5 g7
m), 3.84-3.79 (6H, m), 3.16-1.27 (8H, m). Found: C, 40.98; H, 4.79; C1, 3.51; N, 10.51; S, 7.20; Na,
Step (2): compound ii-15j—compound 1I-17 282

Compound ii-15j (0.678 g, 0.805 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to

vield compound 11-17 (yielded amount: 189 mg, yield: s Example 83
29%).
MS: 786.57 (M+H) Synthesis of Compound (11-18)

[Formula 130]
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Step (1): compound ii-3a—compound I1-18 Calcd.: C, 41.01; H, 4.09; C1, 3.66; N, 10.11; S, 6.61; Na,

Compound ii-3a (0.925 g, 0.805 mmol) was treated in the 4.98.
same way as in step (2) followed by step (3) in Example 75 to Found: C, 41.36; H, 4.35; Cl, 430; N, 9.85; S, 6.01; Na,
yield compound 1I-18 (yielded amount: 245 mg, yield: 35%). 4.16.

MS: 816.51 (M+H) 5

'H-NMR (D,0) 8: 8.93-7.01 (6H, m), 5.84-4.94 (3H, m),
4.66-2.69 (8H, m), 2.23-1.56 (6H, m). Example 84

Elem. Anal. C33H28CIN7Na2012S2(H20)5.6
(NaHC03)0.1 Synthesis of Compound (11-19)

[Formula 131]
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Step (1): compound ii-15t—=compound ii-19b

To a solution of compound ii-19a (0.470 g, 3.50 mmol) in
tetrahydrofuran (420 ml) was dropwise added a 2.75 M
n-butyllithium solution (2.80 mL, 7.70 mmol) in hexane
while cooled with ice. The resultant solution was stirred for
10 minutes while cooled with ice. To the solution was added
compound ii-15f (1.49 g, 3.50 mmol). The solution was
stirred for 30 minutes while cooled with ice. Thereto were
added 0.02 N hydrochloric acid and ethyl acetate. This liquid
system was made to room temperature, and then subjected to
extraction. The organic phase was washed with a saturated
salt solution, and dried over magnesium sulfate. Magnesium
sulfate was removed, and then the resulting solution was
concentrated. The residue was subjected to silica chromatog-
raphy. The resultant desired-compound-containing fraction
was concentrated and dried under reduced pressure to yield
compound ii-19b (0.758 g, yield: 41%).

'H-NMR (CDCl,) &: 8.26 (1H, d, J=4.5 Hz), 7.29-6.73
(12H, m), 5.06 (2H, s), 4.93 (2H, s), 3.82-3.79 (6H, m), 3.04
(2H, t, J=6.8 Hz), 2.11-2.02 (2H, m), 1.60-1.57 (2H, m).
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Step (2): compound ii-15j—compound 1I-19

Compound ii-15j (0.842 g, 1.00 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound 1I-19 (yielded amount: 265 mg, yield: 34%).

'H-NMR (D,0) §: 8.59 (1H, d, J=6.2 Hz), 8.26 (1H, d,
J=8.5 Hz), 7.70 (1H, dd, J=8.5, 6.2 Hz), 7.03-6.97 (2H, m),
6.89 (1H,s), 5.89 (1H, d, J=4.8 Hz), 5.56 (1H, d, J=15.6 Hz),
536 (1H, d, J=15.6 Hz), 5.29 (1H, d, J=4.8 Hz), 4.03-3.85
(2H, m), 3.57 (1H, d, J=16.0 Hz), 3.31-3.26 (3H, m), 2.21-
2.17 (2H, m), 1.51 (3H, s>, 1.49 (3H, s)

Elem. Anal. C32H29FN7NaO10S2(H20)5.3(NaHCO3)
0.1

Caled.: C, 43.73; H, 4.54; F, 2.15; N, 11.12; S, 7.27; Na,
2.87.

Found: C, 43.70; H, 4.50; F, 2.26; N, 11.05; S, 7.32; Na,
2.78.

Example 85

Synthesis of Compound (I11-20)

[Formula 132]
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Step (1): compound ii-3a—compound I1-20

Compound ii-3a (1.15 g, 1.00 mmol) was treated in the
same way as in step (2) followed by step (3) in Example 75 to
yield compound 11-20 (yielded amount: 168 mg, yield: 20%).

'H-NMR (D,0) §: 8.60 (1H, d, J=6.3 Hz), 8.27 (1H, d,
J=8.6 Hz), 7.72 (1H, dd, J=8.6, 6.3 Hz), 7.04-7.00 (2H, m),
6.90-6.89 (1H,m), 5.84 (1H, d, J=4.8 Hz), 5.56 (1H,d, J=15.5
Hz), 5.37 (1H, d, J=15.5 Hz), 5.26 (1H, d, ]=4.8 Hz), 4.99-
4.94 (1H, m), 4.01-3.86 (2H, m), 3.54 (1H, d, J=17.7 Hz),
3.32-3.28 3H, m), 2.73-2.70 (2H, m), 2.23-2.16 (2H, m).

Elem. Anal. C32H26FN7Na2012S2(H20)7.1(NaHCO3)
0.1

Caled.: C, 39.91; H, 4.20; F, 1.97; N, 10.15; S, 6.64; Na,
5.00.

Found: C, 39.91; H, 4.22; F, 1.99; N, 10.19; S, 6.72; Na,
4.60.

Example 86

Synthesis of Compound (I11-21)
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Step (1): compound ii-21a—>compound 11-21

Compound ii-21a (1.003 g corresponding to 1 mmol) was
dissolved in N,N-dimethylacetoamide (4.5 mL), and thereto
was added compound ii-21b (537 mg, 1 mmol). The resultant
was stirred at room temperature for 6 hours. Purified water
was added to the reaction liquid, and this liquid was subjected

10

15

O
NH S
| Oﬁ 0
N +
\O N / N N Cl
O \ /
O O

65
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to extraction with ethyl acetate. The organic phase was
washed with 0.1 N hydrochloric acid, purified water and a
saturated salt solution in turn, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was filtrated off from
the organic phase, and then the solvent was distilled off there-
from under reduced pressure to yield compound ii-21c.

The total amount of compound ii-21c yielded was dis-
solved in dichloromethane (15 mL), and the solution was
cooled to —40° C. Thereto was added phosphorus tribromide
(0.189 mL, 2 mmol), and the solution was stirred at —40° C.
After the end of the reaction, to the reaction liquid were added
anisole (1.09 mL, 10 mmol) and a 2 mol/IL aluminum chloride
solution (5 mL, 10 mmol) in nitromethane. The resultant
solution was stirred at ~20° C. for 30 minutes. To the reaction
liquid were added purified water (15 mL) and diisopropyl
ether (30 mL). To the reaction liquid were added acetonitrile
and 2N hydrochloric acid to dissolve the precipitate. There-
after, the water phase was separated therefrom. The organic
phase was subjected to extraction with a mixed liquid of
water, acetonitrile and diluted hydrochloric acid. To the com-

[Formula 133]

O—\ O
N N Cl
OPMB ——»

OPMB
ii-21b

Cl

OPMB

OPMB

OH

OH

bined water phases was added HP20SS, and the resultant was
concentrated. The concentrated suspension was subjected to
HP20SS/ODS column chromatography. The target-material-
containing fraction eluted out with water and acetonitrile was
converted to a Na salt thereof by use of a 0.2 N aqueous
sodium hydroxide solution. The salt-containing liquid was
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concentrated under reduced pressure, and then the liquid con-
centrate was freeze-dried to yield compound II-21 as a pow-
der (yielded amount: 429 mg, yield: 55%).

MS (m+1)=764.2

Elem. Anal.: C31H33CIN7010S2Na (H20)6.8

Caled.: C, 41.38; H, 5.11; C1, 3.94; N, 10.90; S, 7.13.

Found: C, 41.37; H, 5.07; Cl, 3.96; N, 10.64; S, 7.18.

'H-NMR (D,0) 8: 7.02-6.90 (2H, m), 6.88-6.78 (1H, m),
5.89-5.83 (1H, brm), 5.40-5.31 (1H, brm), 4.52-4.19 (3H, m),

4.06-3.37 (10H, m), 2.55-1.78 (7H, m), 1.04-0.93 (3H, brm). *

Example 87

Synthesis of Compound (11-22)

s al

o o
BocHN—<\ |

N
~ N
0
o Z
Ft
COOBH O OBH
ii-22a
s cl

ii-22b

(6]
HoN _< |
\ NH

N
I ﬁ
~ N
.<Oo d
Et
“Nat O O

1I-22

clo+

O
N N Cl
OPMB —
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Step (1): compound ii-22a—compound 11-22

Compound ii-22a (1.615 g, 1 mmol) was treated in the
same way as in step (1) in Example 86 to yield compound
11-22 (yielded amount: 372 mg, yield.: 45%).

MS (m+1)=798.29

Elem. Anal.: C31H32CI2N7010S2Na (H20)6.2

Caled.: C,39.93; H, 4.80; Cl,7.61; N, 10.52; S, 6.88.

Found: C, 40.10; H, 4.75; Cl, 7.44; N, 10.10; S, 6.75.

1H-NMR (D20) d: 6.99-6.92 (1H, m), 6.89-6.79 (1H, m),
5.89-5.86 (1H, br m), 5.35 (1H, dd, J=8.1, 5.0 Hz), 4.54-4.45
(2H, m), 4.42-4.23 (2H, m), 4.01-3.42 (12H, m), 2.55-1.79
(7H, m), 1.02-0.96 (3H, m).

[Formula 134]

OPMB
ii-21b

N Cl
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Example 88

Synthesis of Compound (11-23)

Sy
BocHN \ J\(“;

Etinne
COOBH o

ii-23a

. JW)L J;(

Ettne

COOBH o OBH r

ii-23b

S~y
TN J\/u;
|

Etine
coo Na* o

Step (1): compound ii-23a—=compound 11-23

Compound ii-23a (0.953 g, 1 mmol) was treated in the
same way as in step (1) in Example 86 to yield compound

11-23 (yielded amount: 281 mg, yield.: 36%).
MS (m+1)=765.42
Elem. Anal. C30H32CIN8O10S2Na (H20)5.1

Caled.: C, 40.99; H, 4.84; Cl, 4.03; N, 12.75; S, 7.30; Na,

2.62.

Found: C, 41.03; H, 4.79, C1,4.16; N, 12.47, S, 7.44; Na,

2.76.

1H-NMR (D20) &: 7.00-6.91 (1H, m), 6.89-6.78 (1H, m),
5.96-5.89 (1M, m), 5.41-5.32 (1H, m), 4.57-4.49 (11, m),
4.42-4.24 (1H, m), 4.10-3.22 (11H, m), 2.47-1.89 (6H, m),

1.03-0.94 (3H, m).

[Formula 135]
O
N Cl
—_—
OPMB
OPMB
ii-21b
OPMB —
OPMB

P=ole vy

o OH

OH

1I-23

55

60

65
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Example 89

Synthesis of Compound (11-24)

[Formula 136]

S 0
BocHN—<\ | (|) OPMB
N NH &
| - OPMB
N N a4 £ -
AN E
0 g = :
Me—< —N N cl
COOBH fo) OBH é 0
ii-24a o
ii-24b
S . 0 cl
BocHN—<\ | OPMB
NH
N —_—
1\! OPMB
. j;(
O 4
Me—<
COOBH
0
S cl
OH

N S -
I\! P OH
N
| J;( P

COONa* o) o

Step (1): compound ii-24a—compound 11-24 1H-NMR (D20) &: 7.02 (1H, s), 6.94 (1H, d, J=8.4 Hz),
Compound ii-24a (0.938 g, 1 mmol) was treated in the 6.84 (1H, d, J=8.4 Hz), 5.91-5.84 (1H, m), 5.40-5.35 (1H, m),

same way as in step (1) in Example 86 to yield compound  4.70-4.62 (1H, m), 4.22-3.82 (6H, m), 3.72-2.94 (13H, m),
11-24 (yielded amount: 280 mg, yield.: 36%). 45 1.52-1.45 (3M, m).

MS (m+1)=750.39 ’

Elem. Anal. C30H31CIN7NaO10S2(H20)5.0

Caled.: C,41.79; H, 4.79; Cl, 4.11; N, 11.37; S, 7.44; Na, Example 90
2.67.
Found: C, 41.75; H, 4.61; C1,4.22; N, 12.48; S, 7.55; Na,
2.89. Synthesis of Compound (II-25)
[Formula 137]
S Cl OPMB

Q o 0
BocHN —<\ | |
NH + OPMB

COOBH O OBH ii-25a
ii-24a
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0O
i _<\ j\)‘; (\
COOBH j/?\/

ii-25b

COO Na*
1I-25

Step (1): compound ii-24a—compound 11-25

Compound ii-24a (938 mg, 1 mmol) and compound ii-25a
(523 mg, 1 mmol) were treated in the same way as in step (1) 30
in Example 86 to yield compound ii-25 (yielded amount: 343
mg, yield: 45%).

MS (m+1)=736.36

Elem. Anal.: C29H29CIN7010S2Na (H20)7.1

Caled.: C,39.31; H, 4.91; Cl, 4.00; N, 11.07; S, 7.24; Na,
2.59.

35

Cl

OPMB

EI\II\T\>_\NH
\__/

ii-26a

OPMB
ii-2b

e jﬁ)L ﬁ

COOt Bu
ii-15j

294
cl OPMB
OPMB .
cl OH
o)
oH

Found: C, 39.16; H, 4.88; Cl, 4.15; N, 11.10; S, 7.68; Na,
3.00.

1H-NMR (D20) &: 7.02 (1H, s), 6.98-6.91 (1H, m), 6.88-
6.77 (1H, m), 5.88 (1H, t, J=5.6 Hz), 5.36 (1H, t, J=5.6 Hz),
4.55 (1H, s), 4.24-4.12 (1H, m), 3.99-3.37 (10H, m), 2.37
(1H, s), 1.48 (3H, d, I=7.4 Hz).

Example 91

Synthesis of Compound (I11-26)

[Formula 138]

OPMB

OPMB
ii-26b

R

Cl + ii-26b
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BocHN—<\ j\H‘;
COOt Bu OBH
© OPMB

COO Na*

Step (1): compound ii-26a—>compound ii-26b

Compound ii-26a (2.38 g, 19.33 mmol) (see US 2008/
153943 A1 and others) was dissolved in tetrahydrofuran (95
ml), and thereto was added compound ii-2b (9.50 g, 17.39
mmol). The resultant solution was stirred at room tempera-
ture. After the end of the reaction, purified water was added to
the reaction liquid. From the water phase, the resultant reac-
tion product was extracted with ethyl acetate The resultant
organic phase was washed with a 5% aqueous sodium hydro-

Cl
OPMB

OH

OH

1I-26

Step (2): compound ii-24a—compound I1-26
Compound ii-26b (534 mg, 1 mmol) and compound ii-15j
(952 mg, 1 mmol) were treated in the same way as in step (1)

35 in Example 86 to yield compound I1-26 (yielded amount: 429

mg, yield.: 55%).
MS (m+1)=761.33
Elem. Anal.: C30H28CIN8O10S2Na (H20)4(H20)1.5
Caled.: C, 40.84; H, 4.46; Cl, 4.02; N, 12.70; S, 7.27; Na,

gencarbonate solution, purified water, and a saturated salt 40 2.61.

solution in turn. The organic phase was dried over anhydrous
magnesium sulfate, and magnesium sulfate was then
removed therefrom by filtration. The solvent was distilled off
therefrom under reduced pressure. The resultant residue was

Found: C, 40.89; H, 4.37; Cl, 4.14; N, 12.70; S, 7.27; Na,
2.61.

'H-NMR (D,0) &: 7.62-7.48 (2H, m), 7.03-6.82 (3H, m),
5.92-5.80 (1H, m), 5.38-5.21 (2H, m), 5.12-5.04 (2H, m),

subjected to silica gel chromatography to yield compound 4> 4.46-436 (2H, m), 4.33-4.22 (1H, m), 3.95-3.86 (1H, m),

ii-26b (yielded amount: 8.3 g, yield: 80%).

'H-NMR (CDCl,) §: 7.40-7.30 (4H, m), 7.08-6.81 (8H,
m), 5.09-4.98 (4H, m), 4.54-4.51 (1H, m), 4.48-4.33 (1H, m),
4.17-3.94 (2H, m), 3.84 (3H, s), 3.80 (3H, s), 3.63-3.45 (1H,
m), 1.88-1.60 (1H, m).

S j\% ﬁﬁv

HBOOC COOBH

ii-3a

3.57-3.23 (2H, m), 1.55-1.47 (6H, m).
Example 92

Synthesis of Compound (11-27)

[Formula 139]

N Cl

R

OPMB

OPMB
ii-26b
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Step (1): compound ii-3a—compound 11-27
Compound ii-3a (1.149 g, 1 mmol) and Compound ii-26b 4.72.

298

OPMB

OPMB

OH

OH

Found: C, 38.00; H, 3.94; Cl, 3.96; N, 11.78; S, 7.01; Na,

(534 mg, 1 mmol) were treated in the same way as in step (1) 'H-NMR (D,0) &: 7.64-7.47 (2H, m), 7.08-6.83 (3H, m),
in Example 86 to yield compound I1-27 (yielded amount: 386 35 5.82 (1H, brs), 5.27 (2H, br s), 5.10-4.86 (3H, m), 4.25-3.83
mg, yield: 46%). (4H, m), 3.35-3.21 (1H, m), 2.72 (2H, br s).

MS (m+1)=791.32
Elem. Anal.: C30H25CIN8O12S2Na2(H20)6.3

Caled.: C,37.98; H, 4.00; Cl, 3.74; N, 11.81; S, 6.76; Na,
4.85.

E NH
HC OH HOOC OPMB
11 16a
—
OMe OPMB

ii-15¢ ii-28a
BocHN—<\ j\H‘;
N J;y/ + ii-28b ——
II|||
HBOOC COOBH

ii-3a

Example 93

Synthesis of Compound (I11-28)

ii-28b

[Formula 140]

OPMB

OPMB
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Step (1): compound ii-15¢c—=compound ii-28a

Compound ii-15¢ (4.06 g, 23.9 mmol) was treated in the
same way as in steps (2), (3), (4) and (5) in Example 80 in
accordance with this step order, so as to yield compound
ii-28a (yielded amount: 3.43 g, yield: 35%).

'H-NMR (CDCl,) 8: 7.70 (1H, dd, J=7.8, 7.8 Hz), 7.30-
7.33 (4H, m), 6.91 (2H, d, J=8.4 Hz), 6.78 (2B, m), 5.09 (2H,
s), 5.02 (2H, s), 3.82 (3H, s), 3.79 (3H, s).

Step (2): compound ii-28a—=compound ii-28b

Compound ii-28a (1.24 g, 3.00 mmol) was dissolved in
tetrahydrofuran (15 mL), and thereto were added compound
ii-16a (606 mg, 4.80 mmol), 1-hydroxybenzotriazole (446
mg, 3.30 mmol), and 1-ethyl-3-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (633 mg, 3.30 mmol). The resultant
was stirred at room temperature. After the end of the reaction,
purified water was added to the reaction liquid. From the
water phase, the reaction product was extracted with ethyl
acetate. The resultant organic phase was washed with purified
water and a saturated salt solution in turn. The organic phase
was dried over anhydrous magnesium sulfate, and magne-
sium sulfate was removed by filtration. The solvent was dis-
tilled off therefrom under reduced pressure. The resultant
residue was subjected to silica gel chromatography to yield
compound ii-28b (yielded amount: 1.26 g, yield: 81%).

F C‘ I |
HOOC OPMB N
N \/\ N
H
OPMB

ii-28a

35

40

45

OH
1I-28

'H-NMR (CDCL,) §: 7.41-7.27 (3H, m), 7.01 (1H, t, J=7.8
Hz), 6.95-6.88 (2H, m), 6.82-6.76 (3H, m), 5.06 (2H, 5), 5.02
(2H, s), 3.83 (3H, s), 3.78 (3H, s), 3.54-3.27 (1H, m), 3.20-
3.04 (2H, m), 3.02-2.86 (2H, m), 2.55 (1B, t, J=11.2 Hz),
2.27-1.68 (7H, m), 1.54-1.29 (2H, m).

Step (3): compound ii-28b—compound 11-28

Compound ii-28b (700 mg, 1 mmol) and compound ii-3a
(1.55 g, 1 mmol) were treated in the same way as in step (1)
in Example 86 to yield compound I1-28 (yielded amount: 602
mg, yield: 55%).

MS (m+1)=778.61

Elem. Anal.: C31H30FN7012S2Nal.5(H20)5.9

Caled.: C, 40.62; H, 4.60; F, 2.07; N, 10.70; S, 7.00; Na,
3.76.

Found: C, 10.65; H, 4.66; F, 2.13; N, 10.65; S, 7.05; Na,
3.62.

'H-NMR (D,0) 8: 7.02 (1H, s), 6.91-6.82 (2H, m), 5.86-
5.80 (1H, m), 5.37-5.30 (1H, m), 5.03-4.92 (1H, m), 4.41-
4.21 (2H, m), 4.04-3.40 (11H, m), 2.80-2.74 (2H, m), 2.53-
1.89 (4H, m),

Example 94

Synthesis of Compound (11-29)

[Formula 141]

OPMB

OPMB
ii-29a
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Step (1): compound ii-28a—compound ii-29a MS (m+1)=736.58
Compound ii-28a (824 mg, 2.00 mmol) was treated in the Elem. Anal.: C30H33FN7010S82Na (H20)5 (NaCl) 0.1
same way as in step (2) in Example 93 to yield compound Caled.: C, 42.21; H, 5.08; F, 2.23; N, 11.49; S, 7.51; Na,
ii-29a (yielded amount: 840 mg, yield: 83%). 40 2.96; Cl,0.42.
'H-NMR (CDCl,) 8: 7.74 (1H, t, I=8.7 Hz), 7.33 (2H, 4, Found: C, 42.24; H, 5.18; F, 2.15; N, 11.50; S, 7.51; Na,

J=8.4 Hz), 7.29 (21H, d, J=8.6 Hz), 7.19-7.08 (1H, m), 6.91 2.77; Cl, 0.54.
(2H, d, J=8.4 Hz), 6.85-6.78 (3H, m), 5.08 (2H, s), 4.99 (2H, 'H-NMR (D,0) 8: 7.18 (1H, 1, J=8.5 Hz), 6.97 (1H, 5), 6.79

s), 3.83 (3L, 5), 3.79 (3H, 5), 3.56 (2, dd, =113, 53 Hz),  (1H, dd, =8.5, 1.5 Hz), 5.87 (1M, d, J=5.0 Hz), 5.36 (1H, d,
2.69 (21, t, 1-6.2 Hz), 2.59-2.52 (411, m), 1.84-1.74 (4IL, m). 45 J=5.0 Hz), 4.12 (1H, d, ]=13.9 Hz), 4.03-3.88 (2H, m), 3 85-

Step (2): compound ii-29a—compound 11-19 3.40 (8H, m), 2.31-2.16 (4H, m), 1.52-1.47 (6H, m).
Compound ii-29a (509 mg, 1.00 mmol) and compound
ii-15j (952 mg, 1.00 mmol) were treated in the same way as in Example 95
step (1) in Example 86 to yield compound II-29 (yielded
amount: 547 mg, yield: 72%). Synthesis of Compound (I11-30)
[Formula 142]

/
Boc N
| - N OPMB
N\ N / Cl + —_—
0 N
< O OPMB

e
/ " CO,BH
CO,BH 0 al

ii-30a ii-30b
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Step (1): compound ii-30a+compound ii-30b—) compound
11-30

Sodium iodide (300 mg, 2.0 mmol) was added to a solution
of compound ii-30a (1.024 g, 1.0 mmol) in dimethylacetoa-
mide (2, and the resultant solution was stirred at room tem-
perature for 10 minutes. The solution was cooled to 15° C.,
and then thereto was added compound II-30b (539 mg, 1.0
mmol). Thereafter, the solution was stirred at 15° C. for 1
hour. Thereto was added N,N-dimethylformamide (2, and
then the solution was cooled to —40° C. Thereto was added
phosphorus tribromide (189 pl., 2.0 mmol), and the solution
was stirred at —40° C. for 30 minutes. The reaction mixture
was slowly added to a 5% salt solution cooled with ice. The
precipitated solid was collected by filtration, washed with
water, and then suspended into water. The suspension was
freeze-dried to yield compound ii-30c as a pale yellow solid.
Compound ii-30c yielded was used as it was, without being
purified, in the next reaction.

The total amount of compound ii-30c yielded was dis-
solved in methylene chloride (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.092
ml, 10.0 mmol) and a 2 M aluminum chloride solution (5.00
ml, 10.0 mmol) in nitromethane in turn. The resultant was
stirred at 0° C. for 1 hour. The reaction liquid was dissolved in
water, a 2 N aqueous hydrochloric acid solution, and aceto-
nitrile. The resultant solution was then washed with diisopro-

30

35

40

45

50

1I-30

py! ether. To the water phase was added HP20-SS resin, and
then acetonitrile was distilled oftf under reduced pressure. The
resultant mixed liquid was purified by ODS column chroma-
tography. To the resultant target-compound solution was
added a 0.2N aqueous sodium hydroxide solution until the
whole gave a pH of 6.0. Thereafter, a piece of dry ice was
added thereto. The resultant solution was concentrated under
reduced pressure, and then freeze-dried to yield compound
1I-30 as a pale yellow powder.

Yielded amount: 373.1 mg (42%).

'H-NMR (D,0) &: 7.00 (1H, s), 6.94 (1H, dd, J=8.39, 3.97
Hz),6.80 (1H, dd,J=21.73,8.31 Hz), 5.89 (1H, d, J=4.88 Hz),
538 (1H, d, J=4.88 Hz), 4.53 (1H, t, J=6.10 Hz), 3.97 (2H, t,
J=17.84 Hz), 3.82-3.65 (2H, m), 3.47 (1H, d, J=17.84 Hz),
3.32-2.88 (9H, m), 2.42 (1H, d, J=11.44 Hz), 2.19 (1H, t,
J=11.44 Hz), 1.92-1.83 (3H, m), 0.97 (3H, t, J=7.40 Hz).

Elem. Anal.: C31H35CIN7010S2Na (H20)5.2

Caled.: C,42.22; H, 5.19; C1, 4.02; N, 11.12; S, 7.27; Na,
2.61(%).

Found: C, 42.18; H, 5.19; Cl, 4.18; N, 11.17; S, 7.19; Na,
2.62(%).

Example 96

Synthesis of Compound (I11-31)

[Formula 143]
S
(¢]
< (¢]
HN | 0

Boc/ \N R Sl

N OPMB
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0 N
; 0 OPMB
e
COOBH
HBOOC COOBH (6] Cl
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Step (1): compound ii-3a+compound ii-30b—compound
1I-31

Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-30b
(539 mg, 1.0 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 484.1 mg (49%)

'H-NMR (D,0) 8: 7.01 (1H, s), 6.94 (1H, dd, J=8.24, 4.42
Hz),6.82 (1H, dd, J=22.50,8.46 Hz), 5.83 (1H, d, J=4.73 Hz),
535 (1H, d, J=4.73 Hz), 4.97 (1H, t, 6.02 Hz), 4.04 (1H, d,
J=13.15Hz),3.91 (1H,d,J=17.01 Hz),3.74 (2H, dd, ]=20.82,
13.15 Hz), 3.47 (1H, d, J=17.01 Hz), 3.32-3.16 (1H, m),

CO,PMB
CO,BH
ii-32a
B S
0
HN/<\ | § S
/ N
Boc |
N\ N A
ol 0
< CO,PMB
CO,BH

ii-32b

1I-31

3.09-2.87 (8H, m), 2.71 (2H, d, J=5.64 Hz), 2.43 (1H, d,
J=12.96 Hz), 2.20 (1H, t, J=11.06 Hz), 0.99-0.97 (1H, m).
Elem. Anal.: C31H32.2CIN7012S2Nal.8(H20)5.4
Calcd.: C, 39.90; H, 4.65; Cl, 3.80; N, 10.51; S, 6.87; Na,
4.43(%).
Found: C, 39.95; H, 4.62; Cl, 4.09; N, 10.42; S, 6.63; Na,
15 4.41(%).

Example 97

Synthesis of Compound (11-32)

[Formula 144]

N OPMB
N —
OPMB
(0] Cl
ii-30b
r
NI OPMB —_—
N
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e} Cl |
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Step (1): compound ii-32a+compound ii-30b—compound

11-32

Compound ii-32a (0.892 g, 1.0 mmol) and compound
ii-30b (539 mg, 1.0 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 512.1 mg (57%)

'H-NMR (D,0) §: 7.02 (1H, s), 6.93 (1H, dd, J=8.31, 3.58
Hz),6.79 (1H, dd, J=21.66, 8.39 Hz), 5.86 (1H, d, J=4.58 Hz),
538 (1H, d, J=5.03 Hz), 4.65 (1H, q, J=7.02 Hz), 3.98 (2H, t,
J=17.46 Hz), 3.79-3.68 (2H, m), 3.49 (1H, d, J=17.54 Hz),
3.31-3.15 (1H, m), 3.08-2.88 (7H, m), 2.42 (1H, d, J=11.59
Hz), 2.23-2.15 (1H, m), 1.96-1.74 (2H, m), 1.48 (3H, d,
J=7.02 Hz).

OPMB
JHCI
o)
N +
N7 OPMB
| . NH,
=N 0 cl

20

25

N

ii-33a ii-2b

0
|
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L gaacvss

Elem. Anal.: C30H33CIN,010S2Na (H20)5.1(NaHCO3)
0.09

Calcd.: C,41.37; H, 4.99; Cl, 4.06; N, 11.22; S, 7.34; Na,
2.87(%).

Found: C, 41.37; H, 4.94; C1,3.99; N, 11.28; S, 7.16; Na,
2.86(%).

Example 98

Synthesis of Compound (11-33)

}M\]\HL S
);y/\;\/a + ii-33b —=

CO,BH

HBO,C COZBH

ii-3a

HM\

a3

CO,BH

BHO,C COZBH

33c¢

[Formula 145]
Cl OPMB
O,
- N OPMB
| NH
d
ii-33b
Cl
OPMB
OPMB
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e

Wa'OZC CO[NH.Jr

Step (1): compound ii-33a+compound ii-2b—compound
ii-33b

Compound ii-33a (2.00 g, 9.52 mmol) was suspended into,
(40 mL), and thereto were then added diisopropylethylamine
(4.99 mlL, 28.6 mmol) and compound ii-2b (5.20 g, 9.52
mmol) in turn. The liquid was stirred at 50° C. for 1 hour and
at 80° C. for 3 hours. The reaction liquid was diluted with
ethyl acetate, washed with a saturated aqueous sodium hydro-
gencarbonate solution, water and a saturated salt solution,
and dried over magnesium sulfate. Magnesium sulfate was
filtrated off, and then the liquid was concentrated under
reduced pressure. Thereto were added hexane and ethyl
acetate to precipitate a solid. Thus, compound ii-33b (1.88 g,
36%) was yielded. The solid precipitated while the filtrate
was separated to two phases was washed with water to yield
compound ii-33b (2.60 g, 50%).

'H-NMR (DMSO-d,) 8: 9.96 (1H, s), 7.44 (2H, d, J=8.54
Hz), 7.32 (3H, d, ]=8.54 Hz), 7.24 (1H, d, J=8.69 Hz), 6.98
(2H, d,J=8.54 Hz), 6.87 (2H, d, ]=8.54 Hz),6.72 (1H, 5), 5.18
(2H, s), 4.90 (2H, s), 3.79-3.75 (8H, m), 2.70 (2H, t, J=6.25
Hz), 1.78-1.91 (4H, m)

Step (2): compound ii-3a+compound ii-33b—=compound
11-33

Compound ii-33b (603 mg, 1.1 mmol) and sodium bro-
mide (206 mg, 2.0 mmol) were successively added to a solu-
tion of compound ii-3a (1.249 g, 1.0 mmol) in N,N-dimeth-
ylformamide (2, and the resultant solution was stirred at room
temperature for 6 hours. Thereto was added N,N-dimethyl-
formamide (6 mL), and then cooled to —40° C. Thereto was
added phosphorus tribromide (189 pL, 2.0 mmol), and the
resultant solution was stirred at —40° C. for 1 hour. To the
reaction mixture was slowly added a 5% salt solution cooled
with ice. The precipitated solid was collected by filtration,
washed with water, and suspended into water. The suspension
was freeze-dried to yield compound ii-33¢ as a pale brown

> o
o
= | g ||
Boc N | 5
N N~ a o,
O g
CO,BH

CO,t-Bu

ii-15]

O
| 1
N R S N
=0Q s
\ (@]
[¢]
COy”

Cl
o OH

OH

1I-33

15 solid. Compound ii-33c yielded was used as it was, without
being purified, in the next reaction.

The total amount of compound ii-33¢ yielded was dis-
solved in methylene chloride (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.311

20 mlL, 12.0 mmol) and a 2 M aluminum chloride solution (6.00
ml, 12.0 mmol) in nitromethane in turn. The resultant was
stirred at 0° C. for 1 hour. The reaction liquid was dissolved in
water, a 2 N aqueous hydrochloric acid solution, and aceto-
nitrile. The resultant solution was then washed with diisopro-

25 pyl ether. To the water phase was added HP20-SS resin, and
then acetonitrile was concentrated under reduced pressure.
The resultant mixed liquid was purified by ODS column
chromatography.

To the resultant target-compound solution was added a 0.2

30 N aqueous sodium hydroxide solution to not the pH thereof to

6.0. Thereafter, apiece of dry ice was added thereto in order to

neutralize an excess of sodium hydroxide. The resultant solu-
tion was concentrated under reduced pressure, and then
freeze-dried to yield compound I1-33 as a pale yellow powder.

Yielded amount: 587.0 mg (55%).

'"H-NMR (D,0) &: 7.59 (1H, s), 7.17 (1H, d, J=8.31 Hz),
7.01(1H,s), 6.95 (1H, d,J=8.31Hz),3.80 (1H, d, J=4.50 Hz),
5.22 (1H, d, 4.50 Hz), 5.11 (1H, d, J=15.40 Hz), 4.97-4.90
(2H, m), 4.05 (2H, brs), 3.54 (1H, d, J=17.31 Hz), 3.27 (1H,
40 d,J=17.31 Hz), 3.04 (2H, brs), 2.71-2.68 (2H, m), 2.06 (4H,
brs).

Elem. Anal.: C31H27.5CIN8O12S2Nal.5(H20)8

Caled.: C,37.90; H, 4.46; C1,3.61; N, 11.11; S, 6.53; Na,
3.51(%).

Found: C, 38.06; H, 4.39; Cl, 3.35; N, 11.22; S, 6.36; Na,
3.59(%).

35

45

Example 99

Synthesis of Compound (11-34)

[Formula 146]

OPMB

OPMB

ii-33b
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~2
Z/k
o

ZIT

o 4
>< CO,BH
Br-

COst-Bu
ii-34a
S
< 0
H,N | -
\ {
N S
N
N\ ) AN
O g
>< COy
CO,Na*
1I-34

Step (1): compound ii-15j+compound ii-33b—compound »
11-34

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-33b (603 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (2) in Example 98.

Yielded amount: 586.2 mg (61%)

'H-NMR (D,0) &: 7.57 (1H, s), 7.15 (1H, d, 1=8.54 Hz),
6.98 (1H,s), 6.93 (1H, d,J=8.54 Hz), 5.84 (1H, d, ]=4.73 Hz),
5.26 (1H, d, I=4.73 Hz), 5.13-5.07 (1H, m), 4.05 (2H, br s),
3.59(1H,d, 17.69 Hz),3.27 (1H, d, J=17.69 Hz), 3.04 (2H, br
s), 2.06 (4H, br s), 1.49 (6H, hr s).

(0] NH, N\
N N N HN
- ~ -
Boc Boc Boc

| =
1 L N\%NH

312
cl OPMB
0
OPMB
—_—
¢ oH
0
N* OH
/
NH
N/

Elem. Anal.: C31H30CIN8O10S2Na (H20)7.3
Caled.: C, 40.09; H, 4.84; C1, 3.82; N, 12.07; S, 6.91; Na,

2.48(%).

Found: C, 40.08; H, 4.83; Cl, 4.03; N, 11.99; S, 6.94; Na,

30 2.41(%).

Example 100
Synthesis of Compound (I11-35)

[Formula 147]

| 2HCl
~

ii-35a ii-35b ii-35¢ ii-35d
OPMB /N OPMB
+ ii-35d —
(0] N
- OPMB OPMB
N;N (0] Cl (0] Cl
ii-2b ii-35e
S
< Q 0
HN |
/ N\ B l
Boc N | s
N
\O N / Cl +  ii-35%¢ ——

CO,BH
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~E
A
o
Z

LN

co2 “Na*

Step (1) compound ii-35a—>compound ii-35¢

To a solution of compound ii-35a (5.00 g, 22.19 mmol) in
methanol (100 mL) and water (10 mL) were added ammo-
nium formate (13.99 g, 222 mmol) and 10%-palladium/car-
bon (2.362 g) in turn. The resultant was stirred at room tem-
perature for 2 days. Celite was used to filtrate the reaction
liquid, and then the filtrate was diluted with chloroform,
washed with an aqueous sodium hydroxide solution and a
saturated salt solution, and dried over magnesium sulfate.
Magnesium sulfate was filtrated off, and then the liquid was
concentrated under reduced pressure to yield compound
ii-35b (5.60 g): Compound ii-35b yielded was used as it was,
without being purified, in the next reaction.

The total amount of compound ii-35b yielded was dis-
solved in methanol (50 mL) and acetic acid (3 mL). Thereto
were then added a 36% aqueous formalin solution (8.49 mL,,
111 mmol) and hydrogenated sodium triacetoxyborate (9.41
g, 44.4 mmol) in turn. The resultant was stirred at room
temperature for 1 hour. To the reaction liquid was added an 8
N aqueous sodium hydroxide solution to set the pH thereofto
10. Thereafter, this liquid system was subjected to extraction
with chloroform. To the organic phase was added a 0.5 N
aqueous hydrochloric acid solution, and then the liquid-sys-
tem was separated to two phases. Thereafter, the water phase
was made into basicity, and then subjected to extraction with
chloroform. The organic phase was washed with a saturated
salt solution, and dried over magnesium sulfate. Magnesium
sulfate was filtrated off, and then the organic phase was con-
centrated under reduced pressure to yield compound ii-35¢
(2.43 g, 43%).

'H-NMR (CDCL,) 8: 4.16 (2H, d, J=29.04 Hz), 2.22 (6H,
s), 2.12-1.59 (OH, m), 1.46 (9H, s).

Step (2): compound ii-35¢c—>compound ii-35d

Compound ii-35¢ (2.43 g, 9.55 mmol) was dissolved in
ethanol, and thereto was added a 3.9 N hydrochloric acid/
ethanol solution (9.80 mL, 38.2 mmol). The solution was
stirred at room temperature for one day. Thereto was added a
4 N hydrochloric acid/1,4-dioxane solution (20 mL, 20

ii-35F

«Mﬁ%

| N \g\/\
\O 0 F
><

CO,BH

30

35

40

45

50

55

60

65

. i OPMB
OPMB

. i OH

OH

1I-35

mmol), and then the liquid was stirred at 50° C. for 2 hours.
The reaction liquid was concentrated to yield compound
ii-35d (1.89 g, 87%).

'H-NMR (DMSO-dy) &: 10.64 (1H, s), 9.17 (2H, s), 3.99
(2H, s), 3.58-3.47 (1H, m), 2.73 (3H, s), 2.71 (3H, s), 2.52-
2.61 (2H, m), 2.03-1.90 (6H, m).

Step (3): compound ii-35d—compound ii-35e

Compound ii-35d (1.89 g, 8.32 mmol) was suspended into
dichloromethane (20 mL), and thereto were added diisopro-
pylethylamine (4.36 mL, 24.96 mmol) and compound ii-2b
(4.54 g, 8.32 mmol) in turn. The liquid was stirred at room
temperature for 2 hours. The reaction liquid was diluted with
dichloromethane/methanol, washed with an aqueous sodium
hydroxide solution, water, and a saturated salt solution, and
dried over magnesium sulfate. Magnesium sulfate was fil-
trated off, and then the liquid was concentrated under reduced
pressure. The resultant was subjected to amino silica gel
column chromatography to elute out a desired compound
with hexane/ethyl acetate. The desired-compound-contain-
ing fraction was concentrated under reduced pressure to yield
compound ii-35e (4.40 g, 94%).

'H-NMR (CDCl,) é: 7.36 (2H, d, J=8.39 Hz), 7.32 (2H, d,
J=8.54 Hz), 6.94-6.88 (4H, m), 6.81 (2H, d, J=8.54 Hz), 5.06
(2H, s),4.99 (2H, brs), 4.77 (1H, brs), 3.83 (3H, 5),3.79 (3H,
s), 3.50 (1H, s), 2.23 (6H, s), 2.01-1.93 (1H, m), 1.88-1.74
(2H, m), 1.63 (4H, brs), 1.18 (2H, brs).

Step (4): compound ii-15j+compound ii-35e—=compound
1I-35
Compound ii-15j (0.936 g, 1.0 mmol) and compound

ii-35e (622 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 672.7 mg (67%)

'H-NMR (D,0) 8: 6.98 (1H, s), 6.94 (1H, d, J=8.24 Hz),
6.81(1H, d,J=8.24 Hz), 5.87 (1H,t,1=4.77 Hz), 5.38 (1H, dd,
477, 1.37 Hz), 4.08-3.89 (3H, m), 3.59-3.42 (2H, m), 3.08
(3H, br s), 2.93 (4H, br s), 2.87 (1H, s), 2.68 (1H, brs), 2.15
(2H, brs), 1.94-1.66 (4H, m), 1.52 (3H, s), 1.50 (3H, s).
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Elem. Anal.: C33H37CIN7010S2Na (H20)8.2
Caled.: C, 41.20; H, 5.60; Cl, 3.69; N, 10.19; S, 6.67; Na,
2.39(%).
Found: C, 41.21; H, 5.62; C1,3.86; N, 10.16; S, 6.48; Na,
2.29(%).
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Example 101

Synthesis of Compound (I11-36)

[Formula 148]
6}
>< Ph
Ph
O
—_—
ii-36a
ph |
—

Step (1): compound ii-15j—=compound ii-36a—=compound
1I-36

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-36a (459 mg, 1.0 mmol) synthesized with reference to a
method described in J. Med. Chem. 2008, 51, 2115 were used
to synthesize the target compound in the same way as in step
(1) in Example 95.

Yielded amount: 444.5 mg (45%)

'"H-NMR (D,0) 8: 7.11 (1H, t, J=8.44 Hz), 6.99 (1H, s),
6.79 (1H, dd, J=8.44, 1.59 Hz), 5.89 (1H, d, J=4.95 Hz), 5.38
(1H, d, J=4.95 Hz), 4.24 (1H, t, J=6.97 Hz), 4.10-3.94 (4H,
m), 3.51 (1H, d, J=16.95 Hz),3.11 (3H, br 2.81-2.69 (2H, m),
2.59-2.40 (4H, m), 2.21 (1H, brs), 2.16 (1H, brs), 1.52 (3H,
s), 1.50 (3H, s).

Elem. Anal.: C32H35FN7010S2Nal(H20)8.5

Caled.: C, 41.02; H, 5.59; F, 2.03; N, 10.46; S, 6.84; Na,
2.45(%).

Found: C, 41.03; H, 5.46; F, 2.20; N, 10.39; S, 6.80; Na,
2.38(%).
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Example 102

Synthesis of Compound (I11-37)

[Formula 149]

N,
/ N Ph
Boc | ><
H
N N Ccl ot N Ph —
\ 7 d
O O
i CO,BH /N (@] F
HBO,C CO,BH
ii-3a ii-36a
q Ph
/< | 0 K 0
Ph
H
HN \N i S 0 ]
Boc | ©
N~ Sy NH —
\O d
- CO,BH I
HBO,C CO,BH
ii-37a
S
o F OH

Nj .
N N~ N NH
\O q

1I-37

Step (1): compound ii-3a+compound ii-36a—compound Hz), 4.24 (1H, t, J=7.05 Hz), 4.12 (1H, d, ]=14.27 Hz), 4.03
11-37 (1H, brs), 3.95-3.90 (2H, m), 3.50 (1H, d, J=16.95 Hz), 3.10
Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-36a (3H, brs), 2.80-2.70 (4H, m), 2.56-2.39 (4H, m), 2.21 (1H, br
(459 mg, 1.0 mmol) were used to synthesize the target com- 45 s), 2.15 (1H, br s).
pound in the same way as in step (1) in Example 95.
Yielded amount: 353.5 mg (32%) Example 103
'H-NMR (D,0) &: 7.11 (1H, t, J=8.44 Hz), 7.02 (1H, s), P
6.79 (1H, dd, J=8.44, 1.43 Hz), 5.84 (1H, d, J=4.87 Hz), 5.35

(1H, d, J=4.87 Hz), 5.00-4.94 (1H, m), 4.62 (1H, d, J=15.11 Synthesis of Compound (I11-38)
[Formula 150]
(€] (€] (€]
OMe OH OPMB
HO MeO MeO
—_— —_— —_—
OMe OH OPMB
ii-38a ii-38b ii-38¢c
(€]
OPMB
HO
OPMB

ii-38d
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N —<\N
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1I-38

Step (1): compound ii-38a—compound ii-38b

Boron tribromide (12.05 mL, 127 mmol) was added to a
solution of compound ii-38a (10.0 g, 51.0 mmol, synthesized
with reference to a method described in WO 2009/55077 A1)
in dichloromethane (60 ml.) while cooled with ice. The
resultant solution was stirred at room temperature for 2 hours.
The reaction liquid was added to methanol (100 ml) while
cooled with ice. The resultant was stirred at room temperature
for 2 days. The reaction liquid was diluted with dichlo-
romethane/methanol, washed with a saturated salt solution,
and dried over magnesium sulfate. Magnesium sulfate was
filtrated off, and then the liquid was concentrated under
reduced pressure. Thereto was added diisopropyl ether to
precipitate a solid. The solid was collected by filtration, so as
to yield compound ii-38b (2.86 g, 31%). The solid precipi-
tated while the filtrate was separated to two phases was fil-
trated, and washed with water to yield compound i-38b (3.30
2, 36%).

'H-NMR (DMSO-dy) 8: 10.05 (1H, br s), 8.46 (1H, br s),
7.23(1H,d, J=8.46 Hz), 6.67 (1H, d, I=8.46 Hz), 3.73 (3H, 5),
2.34 (3H, s).

Step (2): compound ii-38b—compound ii-38¢

Compound ii-38b (6.16 g, 33.8 mmol) was suspended into

N,N-dimethylformamide (60 mL), and thereto were added

65

o
M X
R s
| / 5 0
N N A N A oH
0 g X
> .
on

potassium carbonate (14.02 g, 101 mmol), p-methoxybenzyl
chloride (11.05 mL, 81.0 mmol) and sodium iodide (5.07 g,
33.8 mmol) in turn. The liquid was stirred at 70° C. for 7
hours. Furthermore, thereto were added potassium carbonate
(7.01 g, 51 mmol), and p-methoxybenzyl chloride (5.53 mL,
41.0 mmol) in turn. The liquid was stirred at 70° C. for 3
hours. The reaction liquid was poured into water, and the
precipitated solid was collected by filtration, and washed with
water and diisopropyl ether to yield compound ii-38¢ (12.39
2, 89%).

'"H-NMR (CDCl,) &: 7.68 (1H, d, I=8.69 Hz), 7.37 (2H, d,
J=8.62 Hz),7.28 (2H, d, ]=8.62 Hz), 6.91 (2H, d, J=8.62 Hz),
6.85 (1H, d, J=8.69 Hz), 6.82 (2H, d, 8.62 Hz), 5.09 (2H, s),
4.84 (2H, s), 3.85 (3H, 5),3.83 (3H, 5), 3.80 (3H, 5), 2.49 (3H,
s).

Step (3): compound ii-38c—>compound ii-38d

An 8 N aqueous sodium hydroxide solution (7.10 mL, 56.8
mmol) was added to a solution of compound ii-38¢ (12.0 g,
28.4 mmol) in tetrahydrofuran (45 ml) and methanol (35 ml).
The resultant solution was stirred at 70° C. for 2 hours. To the
reaction liquid was added a 2 N aqueous hydrochloric acid
solution (30 mL), and the solution was concentrated under
reduced pressure. The precipitated solid was then collected
by filtration, and washed with water and diisopropyl ether to
yield compound ii-38d (11.45 g, 96%).
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'H-NMR (DMSO-d) &: 12.49 (1H, br s), 7.61 (1H, d,
J=8.85Hz), 7.44 (2H, d, ]=8.58 Hz), 7.25 (2HL, d, J=8.58 Hz),
7.08 (1H, d, 1=8.85 Hz), 6.97 (2H, d, J=8.56 Hz), 6.85 (211, d,
J=8.58 Hz), 5.14 (2, 5), 4.79 (2H, 5), 3.77 (3H, 5), 3.74 (3L,

s), 2.36 (3H, s). 5

Step (4): compound ii-38e—compound ii-38d—=compound
ii-38f

Compound ii-38d (2.00 g, 4.90 mmol) was suspended into
dichloromethane (20 mL). Thereto were then added 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(1.033 g, 5.39 mmol) and HOBt (794 mg, 5.88 mmol) in turn
while cooled with ice. The liquid was stirred at room tem-
perature for 30 minutes. Thereto was added compound ii-38e
(683 ul, 5.39 mmol) while cooled with ice. The resultant was
stirred at room temperature overnight. The reaction liquid

was diluted with dichloromethane, washed with an aqueous 15

sodium hydroxide solution, water and a saturated salt solu-
tion, and dried over magnesium sulfate. Magnesium sulfate
was filtrated off, and then the liquid was concentrated under
reduced pressure. Thereto was added diisopropyl ether to

precipitate a solid. In this way, compound ii-38f was yielded 20

(2.36 g, 96%).
'H-NMR (DMSO-d,) &: 8.02 (1H, t, I=5.57 Hz), 7.42 (2H,
d,1=8.54Hz),7.27 (2H, d, I=8.54 Hz), 7.01 (2H, 5), 6.96 (2H,

10
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d,J=8.54Hz), 6.86 (2H, d,J=8.54 Hz),5.11 (2H, s), 4.80 (2H,
s),3.76 (3H, s),3.74 (3H, s), 3.25-3.30 (2H, m), 2.17 (3H, s),
1.69-1.64 (4H, m).
Step (5): compound ii-15j—=compound ii-38f—=compound
11-38

Compound ii-15j (0.936 g, 1.0 mmol) and compound ii-38f
(555 mg, 1.1 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 483.1 mg (51%)

'H-NMR (D,0) 8: 6.97 (1H, s), 6.90 (1H, d, J=8.31 Hz),
6.80 (14, d,J=8.31Hz), 5.87 (1H, d, J=4.96 Hz), 5.36 (1H, d,
J=4.96 Hz), 4.13 (1H, d, J=14.18 Hz), 3.98-3.86 (2H, m),
3.79-3.46 (8H, m), 2.23 (8H, brs), 1.51 (3H, s), 1.49 (3H, s).

Elem. Anal.: C31H36N7010S2Na (H20)7.4(NaHCO3)
0.1

Caled.: C,41.71; H, 5.73; N, 10.95; S, 7.16; Na, 2.82(%).

Found: C, 41.62; H, 5.59; N, 11.14; S, 7.31; Na, 2.81(%).

Example 104

Synthesis of Compound (I11-39)

[Formula 151]
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LN

CO,Na*
1I-39

Step (1): compound ii-39a compound ii-39b

Compound ii-39a (5.00 g, 29.4 mmol) was suspended into
N,N-dimethylformamide (60 mL), and thereto were then
added potassium carbonate (24.37 g, 176 mmol) p-methoxy-
benzyl chloride (19.21 mL, 141 mmol) and sodium iodide
(4.41 g, 29.4 mmol) in turn. The liquid was stirred at 70° C.
for 4 hours. Furthermore, thereto were added potassium car-
bonate (12.19 g, mmol), and p-methoxybenzyl chloride (9.61
ml, 71 mmol) in turn. The liquid was stirred at 70° C. over-
night. The reaction liquid was diluted with ethyl acetate, and
the organic phase was washed with water and a saturated salt
solution, and dried over magnesium sulfate. Magnesium sul-
fate was filtrated off. The organic phase was then concen-
trated under reduced pressure and subjected to silica gel col-
umn chromatography to elute out a desired compound with
hexane/ethyl acetate. The desired-compound-containing
fraction was concentrated under reduced pressure to yield
compound ii-39b (17.77 g, 93%).

'H-NMR (CDCl,) &: 7.59 (1H, d, ]=8.85 Hz), 7.23-7.36
(8H, m), 6.92-6.73 (9H, m), 5.24 (2H, s), 5.05 (2H, s), 4.97
(2H, s), 4.91 (2H, s), 3.83-3.79 (12H, m)

Step (2): compound ii-39b—compound ii-39¢

An 8 N aqueous sodium hydroxide solution (6.83 mL, 54.6
mmol) was added to a solution of compound 1i-39b (17.77 g,
27.3 mmol) in tetrahydrofuran (45 mL) and methanol (35
mL). The solution was stirred at 70° C. for 4 hours. Further-
more, thereto was added an 8 N aqueous sodium hydroxide
solution (3.42 mL, 27.3 mmol). The solution was stirred at
70° C. for 3 hours. To the reaction liquid was added a 2 N
aqueous hydrochloric acid solution (45 mL), and the resultant
was concentrated under reduced pressure. Thereafter, the pre-
cipitated solid was collected by filtration, and washed with
water and diisopropyl ether to yield compound ii-39¢ (11.23
g, 78%).

'H-NMR (DMSO-dy) 8: 12.57 (1H, ), 7.49 (1H, d, J=8.85
Hz), 7.41 (2H, d, I=8.46 Hz), 7.34 (2H, d, J=8.46 Hz), 7.23
(2H, d, J=8.46 Hz), 7.01 (1H, d, J=8.85 Hz), 6.97 (2H, d,

2HCL o
NH,

* Ho

ii-2a OPMB

ii-38d

s o
_<\Nj\)‘;§ ; O 0 on
><o O Lo H
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J=8.46 Hz), 6.90d, I=8.46 Hz), 6.82 (2H, d, ]=8.46 Hz), 5.12
(2H, s), 4.90 (2H, s), 4.86 (2H, ), 3.77 (3H, 5), 3.76 (3H, s),
3.74 (3H, s)

Step (3): compound ii-38e+compound ii-39c—compound
ii-39d

Compound ii-39¢ (2.00 g, 3.77 mmol) was used to synthe-
size a desired compound in the same way as in step (4) in
Example 103. The compound-containing liquid was sub-
jected to amino silica gel column chromatography to elute out
the desired compound with hexane/ethyl acetate. The
desired-compound-containing fraction was concentrated
under reduced pressure to yield compound ii-39d (2.44 g,
103%).

'H-NMR (DMSO-dy) 8: 8.10 (1H, t,J=5.26 Hz), 7.51 (1H,
d, J=8.77 Hz), 7.41 (2H, d, J=8.31 Hz), 7.30 (2H, d, J=8.31
Hz), 7.25 (2H, d, J=8.31 Hz), 7.02 (1H, d, J=8.77 Hz), 6.97
(2H, d, J=8.31 Hz), 6.90 (2H, d, I=8.31 Hz), 6.84 (2H, d,
J=8.31Hz), 5.11 (2H, s), 5.01 (2H, s), 4.89 (2H, 5),3.77 (3H,
s), 3.74 (6H, s), 3.30-3.26 (2H, m), 2.42-2.35 (6H, m), 1.63-
1.58 (4H, m).

Step (4): compound ii-15j+compound ii-39d—=compound
1I1-39

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-39d (689 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 427.2 mg (49%)

'"H-NMR (D,0) &: 7.19 (1H, d, J=8.77 Hz), 6.97 (1H, s),
6.53 (1H, d,J=8.77 Hz), 5.86 (1H, d, JI=4.88 Hz), 5.35 (1H, d,
J=4.88 Hz), 4.11 (1H, d, J=14.03 Hz), 3.97-3.86 (2H, m),
3.79-3.42 (10H, m), 2.21 (4H, brs), 1.50 (3H, s), 1.49 (3H, 5).

Elem. Anal.: C30H34N701182Na (H20)7.5

Caled.: C, 40.45; H, 5.54; N, 11.01; S, 7.20; Na, 2.58(%).

Found: C, 40.37; H, 5.43; N, 11.05; S, 7.21; Na, 2.62(%).

Example 105

Synthesis of Compound (I11-40)

[Formula 152]

OPMB
H
N,
OPMB @/ Y@EOPMB
e
N (6]
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ii-40a
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ii-15j
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<\ 0
OPMB

CO,BH
COzt Bu

ii-40b

co2 Na*

1I-40

Step (1): compound ii-2a+compound ii-38d—=compound
ii-40a

Compound ii-38d (3.00 g, 7.34 mmol) was suspended into
dichloromethane (30 mL). Thereto were added 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (1.549 g,
8.08 mmol) and 1-hydroxybenzotriazole (1.191 g, 8.81
mmol) in turn while cooled with ice. The liquid was stirred at
room temperature for 30 minutes. Thereto were added com-
pound ii-2a (1.879 g, 8.81 mmol) and diisopropylethylamine
(3.85 mL, 22.03 mmol) while cooled with ice. The resultant
was stirred at room temperature overnight. The reaction lig-
uid was diluted with dichloromethane, and the organic phase
was washed with an aqueous sodium hydroxide solution,
water and a saturated salt solution, and dried over magnesium
sulfate. Magnesium sulfate was filtrated off, and then the
organic phase was concentrated under reduced pressure.
Thereto was added diisopropyl ether to precipitate a solid. In
this way, compound ii-40a (3.52 g, 90%) was yielded.

'H-NMR (DMSO-d) 8: 7.82 (1H, d, ]=4.42 Hz), 7.42 (2H,
d, J=8.46 Hz), 7.29 (2H, d, J=8.46 Hz), 7.04 (1H, d, J=8.54
Hz), 6.99-6.94 (3B, m), 6.87 (2H, d, ]=8.46 Hz), 5.11 (2H, s),

50

55

65

4.80 (2H, s), 3.85-3.79 (1H, m), 3.76 (3H, s), 3.74 (3H, s),
3.00 (2H, brs), 2.17 (3H, s), 2.15 (3H, s), 1.89-2.03 (6H, m),
1.70 (2H, d, J=14.49 Hz).
Step (2): compound ii-15j—=compound ii-40a—compound
11-40

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-40a (584 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in Step (1) in Example 95.

Yielded amount: 465.9 mg (46%)

'"H-NMR (D,0) &: 6.98 (1H, s), 6.87 (1H, d, J=7.93 Hz),
6.79 (1H, d,J=7.93 Hz), 5.89 (1H, d, J=4.65 Hz), 5.37 (1H, d,
J=4.65 Hz), 4.23 (1H, t, I=6.63 Hz), 4.09-3.92 (4H, m), 3.50
(1H, d, J=17.08 Hz), 3.10 (3H, br s), 2.82-2.70 (2H, m),
2.58-2.33 (4H, m), 2.23 (3H, s), 2.20 (1H, brs), 2.15 (1H, br
s), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C33H38N7010S2Na (H20)9.5

Caled.: C, 41.68; H, 6.04; N, 10.31; S, 6.74; Na, 2.42(%).

Found: C, 41.60; H, 5.97; N, 10.45; S, 6.66; Na, 2.54(%).
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Example 106
Synthesis of Compound (11-41)
[Formula 153]
S
O
O
N— | "
Boc/ \N N g OPMB
C Y0 E
N Cl N
\o G / OPMB
i CO,BH N 0
HRO,C CO,BH
ii-3a ii-40a
— o -
N < | Q OPMB
/ N\ N o)
Boc N
OPMB —_—

CO,BH

HBO,C CO,BH

ii-41a

Wa'OZC COZ_N&Jr

1I-41

Step (1): compound ii-3a+compound ii-4la—compound
11-41

Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-41a
(584 mg, 1.1 mmol) were used to synthesize the target com- 4>
pound in the same way as in step (1) in Example 95.

Yielded amount: 456.3 mg (43%)

'H-NMR (D,0) 8: 7.01 (1H, d, 1.98 Hz), 6.87 (1H, d, 8.24
Hz), 6.80 (1H, d, J=8.24 Hz), 5.83 (1H, d, J=4.80 Hz), 5.34
(1H, d, J=4.80 Hz), 4.99-4.95 (1H, m), 4.56 (1H, d, J=19.22 50
Hz), 4.23 (1H, t, J=7.55 Hz), 4.10 (1H, d, J=14.34 Hz), 4.02
(1H, brs), 3.95-3.89 (2H, m), 3.50 (1H, d, J=16.93 Hz), 3.10

(6] OPMB

NH, OPMB

HO
N 2HCI
OPMB

ii-2a ii-39¢

S
|
N\ N~ \N@<NH
o J )

S
0 OH
H,N —<\N | % } o
| oH
N\ N~ ~ @— NH
0 o
< COy-

(3H, brs), 2.79-2.69 (4H, m), 2.58-2.33 (4H, m), 2.23 (3H, s),
2.20 (1H, brs), 2.14 (1H, br s).
Elem. Anal.: C33H35.2N7012S2Nal.8(H20)10.3
Caled.: C,39.13; H, 5.55; N, 9.68; S, 6.33; Na, 4.09(%).
Found: C, 39.13; H, 5.60; N, 9.75; S, 6.14; Na, 4.12(%).

Example 107

Synthesis of Compound (11-42)

[Formula 154]
OPMB

s

OPMB

OPMB

ii-42a
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Step (1): compound ii-2a+compound ii-39c—compound
ii-42a Compound ii-39¢ (3.00 g, 5.65 mmol) was used to
synthesize a desired compound in the same way as in step (1)
in Example 105. The compound-containing liquid was sub-
jected to amino silica gel column chromatography to elute out
the desired compound with hexane/ethyl acetate. The
desired-compound-containing fraction was concentrated
under reduced pressure to yield compound ii-42a (3.21 g,
87%).

'H-NMR (DMSO-dy) 8: 8.08 (1H, d, ]=6.71 Hz), 7.55 (1H,
d, J=8.69 Hz), 7.43 (2H, d, J=8.49 Hz), 7.31 (2H, d, J=8.49
Hz), 7.27 (2H, d, 1=8.49 Hz), 7.04 (1H, d, J=8.69 Hz), 6.97
(2H, d, J=8.49 Hz), 6.91 (2H, d, J=8.49 Hz), 6.83 (2H, d,
J=8.49Hz),5.13 (2H, 5), 5.04 (2H, ), 4.95 (2H, 5), 3.89-3.82

50

55

60

(1H, m), 3.77 (3H, 5), 3.75 (3H, 5), 3.73 (3H, 5), 2.82 (2, br 65

s), 2.07 (3H, s), 1.95-1.86 (2H, m), 1.78-1.70 (2H, m), 1.34-
1.42 (2H, m), 1.28 (2H, d, ]=14.34 Hz).

330
PMBQ OPMB
0
OPMB
—_—
-
HO, oH
0
on

Step (2): compound ii-15j+compound ii-42a—=compound
11-42

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-42a (718 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 477.9 mg (44%)

'H-NMR (D,0) §: 7.27 (1H, d, J=8.85 Hz), 6.98 (1H, s),
6.52 (1H, d,J=8.85Hz), 5.89 (1H, d, JI=4.96 Hz), 5.37 (1H, d,
J=4.96 Hz), 4.28 (1H, t, I=7.09 Hz), 4.10-3.93 (4H, m), 3.50
(1H, d, J=16.78 Hz), 3.11 (3H, br s), 2.70-2.81 (2H, m),
2.39-2.60 (4H, m), 2.14 (2H, d, J=16.93 Hz), 1.52 (3H, s),
1.5.0 (3H, s).

Elem. Anal.:
0.1

Caled.: C, 40.56; H, 5.72; N, 10.32; S, 6.75; Na, 2.66(%).
Found: C, 40.56; I, 5.68; N, 10.52; S, 6.83; Na, 2.59(%).

C32H36N701182Na (H20)8.9(NaHCO3)
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Example 108

Synthesis of Compound (11-43)

[Formula 155]

O —
- COZBH )
HBO,C CO,BH ii-422
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COy”
*Na0,C CO,Na*
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Step (1): compound ii-3a compound ii-42a compound 11-43 Hz), 4.02 (1H, br s), 3.95-3.89 (2H, m), 3.49 (1H, d, J=16.47
Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-42a Hz), 3.10 (3H, br s), 2.80-2.71 (4H, m), 2.37-2.60 (4H, m),

(718 mg, 1.1 mmol) were used to synthesize the target Com- 45 2.13 (2H, d, J=18.15 Hz).
pound in the same way as in step (1) in Example 95. Elem. Anal.: C32H33.3N7013S2Nal.7(H20)10.5

Caled.: C,37.82; H, 5.39; N, 9.65; S, 6.31; Na, 3.85(%).
Yielded amount: 280.1 mg (25%) ace ’ - N la Lo %)

Found: C, 37.97; I, 5.50; N, 9.54; S, 6.01; Na, 3.83(%).
'H-NMR (D,O) &: 7.27 (1H, d, J=8.85 Hz), 7.01 (1H, s),

6.54 (1H, d, J=8.85 Hz), 5.83 (1H, d, J=4.88 Hz), 5.34 (1H, d, Example 109
J=4.88 Hz), 4.97 (1H, dd, J=7.70, 5.57 Hz), 4.61 (1H, d, 3°
J=13.73 Hz), 4.27 (1H, t, ]=7.09 Hz), 4.10 (1H, d, J=14.34 Synthesis of Compound (11-44)

[Formula 156]

0 OMe 0 OMe
+ —_—
OBn N~

N
H

OBn OBn
ii-38e ii-44a ii-44b
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Step (1): compound ii-39e+compound ii-44a—compound
ii-44h

Compound ii-44a (0.74 g, 2.031 mmol) synthesized with
reference to a method described in Helvetica Chemica Acta.
2006, 89, 1395 was used to synthesize a desired compound in
the same way as in step (4) in Example 103. The compound-
containing liquid was subjected to amino silica gel column
chromatography to elute out the desired compound with chlo-
roform. The desired-compound-containing fraction was con-
centrated under reduced pressure to yield compound ii-44b
(1.00 g, 106%).

'H-NMR (DMSO-d,) &: 8.31 (1H, t, ]=4.88 Hz), 7.57-7.31
(11H, m), 7.03 (1H, d, J=9.00 Hz), 5.19 (2, s), 4.98 (2L, ),
3.86 (3H, ), 3.38 (2H, q, ]=6.00 Hz), 2.58 (2, t, J=6.41 Hz),
1.68-1.72 (4H, m).

0 OMe
NH,
OPMB

Z

2HCI

. OPMB
ii-2a
ii-45a

40

45

Step (2): compound ii-15j—=compound ii-44b—compound
11-44

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-44b (507 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 450.5 mg (46%)

'"H-NMR (D,0) &: 7.23 (1H, d, J=8.62 Hz), 6.98 (1H, s),
6.79 (1H, d,J=8.62 Hz), 5.87 (1H, d J=4.96 Hz),5.37 (1H, d,
J=4.96 Hz), 4.13 (1H, d, J=14.64 Hz), 4.01-3.89 (2H, m),
3.84-3.75 (5H, m), 3.67-3.44 (6H, m), 2.23 (4H, br s), 1.51
(3H, s), 1.49 (3H, s).

Elem. Anal.: C31H36N7011S2Na (H20)7.1(NaHCO3)
0.1

Caled.: C,41.22; H, 5.60; N, 10.82; S, 7.08; Na, 2.79(%).

Found: C, 41.14; H, 5.53; N, 10.91; S, 7.26; Na, 2.79(%).

50
Example 110
Synthesis of Compound (11-45)
[Formula 157]

OPMB
H
N
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N (6] OMe

ii-45b
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Step (1): compound ii-2a+compound ii-45a—=compound 35
ii-45b

Compound ii-45a (1.04 g, 2.45 mmol) synthesized with
reference to a method described in Helvetica Chemica Acta.
2006, 89, 1395 was used to synthesize a desired compound in
the same may as in step (1) in Example 105. The compound-
containing liquid was subjected to amino silica gel column
chromatography to elute out the desired compound with chlo-
roform. The desired-compound-containing fraction was con-
centrated under reduced pressure to yield compound ii-45b
(1.17 g, 87%).

'H-NMR (DMSO-d,) §: 8.24 (1H, d, ]=6.71 Hz), 7.55 (1H,
d, J=8.92 Hz), 7.41 (2H, d, J=8.51 Hz), 7.27 (2H, d, J=8.54
Hz), 7.02 (1H, d, ]=8.92 Hz), 6.96 (2H, d, J=8.54 Hz), 6.84
(2H, d, J=8.54 Hz), 5.10 (2H, s), 4.88 (2H, s), 4.01 (1H, q,
J=7.12Hz),3.91 (3H, s),3.77 (3H, s), 3.74 (3H, 5), 3.03 (2H,
brs),2.16 (3H,s),2.11-2.01 (4H, m), 1.71-1.79 (2H, m), 1.58
(2H, d, I=14.18 Hz).
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Step (2): compound ii-15j+compound ii-45b—=compound
11-45

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-45b (574 mg, 1.05 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 450.5 mg (46%)

'"H-NMR (D,0) &: 7.19 (1H, d, J=8.16 Hz), 6.99 (1H, s),
6.79 (1H, d,J=8.16 Hz), 5.89 (1H, d, J=4.80 Hz), 5.38 (1H, d,
J=4.80 Hz), 4.31 (1H, t, I=7.78 Hz), 4.12-3.91 (4H, m), 3.88
(3H,s),3.51(1H,d, 15.86 Hz),3.11 (3H, brs), 2.85-2.73 (2H,
m), 2.56-2.65 (2H, m), 2.41 (2H, d, J=13.88 Hz), 2.15 (2H, d,
J=17.39 Hz), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C33H38N7011S2Na (H20)8.4

Caled.: C,41.85; H, 5.83; N, 10.35; S, 6.77; Na, 2.43(%).

Found: C, 41.81; H, 5.70; N, 10.39; S, 6.77; Na, 2.39(%).

Example 111

Synthesis of Compound (11-46)

[Formula 158]

OPMB

OPMB
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Step (1): compound ii-3a+compound ii-45b—=compound 4.05 (1H, s), 3.92 (6H, d, J=21.66 Hz), 3.50 (1H, d, J=16.47
1I-46 Hz), 3.11 (3H, br s), 2.85-2.59 (6H, m), 2.47-2.37 (2H, m),

2.15 (20, d, 1=16.47 Hz).
Elem. Anal.: C33H35.1N7013S$2Nal.9(H20)10.6
Caled.: C, 38.24; H, 5.47; N, 9.46; S, 6.19; Na, 4.21(%).

Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-45b
(574 mg, 1.05 mmol) were used to synthesize the target 3¢

compound in the same way as in step (1) in Example 95. Found: C. 38 18 11 5.35. N. 9.47. S 6.27. Nu. 4 14(%
Yielded amount: 276.2 mg (24%) ound: €, 38.18; H, 3.35; N, 9.47; 8, 6.22; Na, 4.14(%).
'H-NMR (D,0) &: 7.19 (1H, d, ]=8.46 Hz), 7.01 (1H, s), Example 112

6.79 (1H, d, J=8.46 Hz), 5.84 (1H, d, ]=5.03 Hz), 5.34 (1H, d,

J=5.03Hz),4.30(1H,1,]=7.32Hz),4.12(1H, d, J=14.64 Hz), Synthesis of Compound (11-47)

[Formula 159]
F
OPMB
(6]

H

NH, OPMB N
HO ©/ OPMB

n -
N 2HCI N O
- OPMB -
F
ii-2a ii-15g ii-47a
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S
Boc |
N z Ccl + ii-47a —
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Step (1): compound ii-2a+compound ii-15g compound ii-47a Yielded amount: 429.6 mg (38%)

Compound ii-15g (1.50 g, 3.64 mmol) was used to synthesize 35  'H.NMR (D,0) 8: 7.13-7.08 (2H, m), 6.98 (1H, s), 5.89
adesired compound in the same way as in step (1) in Example (1H, d, ]=4.88 Hz), 5.37 (14, d, J=4.88 Hz), 4.64 (1M, d,
105. The compound-containing liquid was subjected to J=11.44 HZ), 4.19 (lH, t,1=7.17 HZ), 4.09-3.94 (4H, m), 3.50
amino silica gel column chromatography to elute out the (1H, d, 1-16.47 Hz), 3.10 (3H, br s), 2.80-2.67 (2H, m)
desired compound with chloroform. The desired-compound- 5 40-2.60 (4H, m) 219 (oH 4. 1-17.08 Hz), 1.52 (31’{ s),
containing fraction was concentrated under reduced pressure 40 l. 50 (3H 5) e * ’ T >
to yield compound ii-47a (1.46 g, 75%). ’

TH-NMR (DMSO-d,) d: 7.84 (1H, d, J=4.42 Hz), 7.40 (2H, Elem. Anal.: C32H35FN7010S2Na (H20)9.6(NaHCO3)
d, 1-8.54 Hz), 7.33-7.19 (4H, m), 6.96 (2H, d, ]=8.54 Hz), 01
6.85 (2H, d, J=8.54 Hz), 5.15 (2H, s), 5.01 (2H, s), 3.88-3.82 Caled.: C,39.95; H, 5.67; F, 1.97; N, 10.16; S, 6.64; Na,
(1H, m), 3.77 (3H, s), 3.73 (3H, 5), 3.00 (2H, brs), 2.14 (3H, 45 2.62(%).
s),2.04-1.89 (4H, m), 1.79-1.87 (2H, m), 1.71 (2H, d, J=14.34 Found: C, 39.90; [, 5.52; F, 2.04; N, 10.26; S, 6.76; Na,
Hz). _ ) 2.60(%).
Step (2): compound ii-15j+compound ii-47a—=compound
11-47
Compound ii-15j (0.936 g, 1.0 mmol) and compound Example 113
ii-47a (588 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95. Synthesis of Compound (11-48)
[Formula 160]
F
S (€]
O OPMB
n— | y i
Boc N § )it
| N
OPMB
\O N P Cl L I
n —
© ~
COBH )
BHO,C CO,BH ii-47a
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_ -continued _
S
- O OPMB
— | t
N, (@)
Boc/ N S
OPMB
N| N \NJr NH
~0 F >
(@]
o I F
CO,BH
BHO,C CO,BH
- ii-48a B
S
. N_< | O OH
2 H
\ N (@)
N S
OH
! \/
~ o N Z NH
o F
nn
COy”
*Na'0,C CO,Na*
11-48
25

Step (2): compound ii-3a+compound ii-47a—=compound
11-48

Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-47a
(588 mg, 1.1 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 276.2 mg (24%)

'H-NMR (D,0) 8: 7.14-7.06 (2H, m), 7.01 (1H, s), 5.83
(1H, d, J=4.96 Hz), 534 (1H, d, J=4.96 Hz), 4.19 (1H, t,
J=7.02Hz),4.13-3.89(4H, m),3.50 (1H, d, J=16.78 Hz), 3.10
(3H, br s), 2.33-2.80 (8H, m), 2.19 (2H, d, J=18.00 Hz).

Elem. Anal.: C32H32FN7012S2Na2(H20)11.2
Caled.: C, 37.04; H, 5.28; F, 1.83; N, 9.45; S, 6.18; Na,
4.43(%).
Found: C, 37.16; H, 5.14; F, 1.90; N, 9.27; S, 5.94; Na,
30 432(%).

Example 114

Synthesis of Compound (11-49)

[Formula 161]

0 0 0
OMe oH OPMB
HO MeO MeO
P — _— —_—
OMe Ol OPMB
cl al Cl
i-49a ii-49b ii-49¢
0
OPMB
HO
OPMB
cl
ii-49d
O
:N: N OPMB
R N R p— \/\E
ii-38¢
OPMB

Cl

ii-49¢
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o -continued
(@]
O
N |
7\ k I
Boc N | S
N + ii-49e ——
\O N / ClL
X
COxt-Bu COBH
ii-15;
S
_< v
HN | -
/N {
Boc N S
| O
—_—
N
~ o N Y N+\/\N OPMB
X
CO,BH
COst-Bu OPMB
ClL
— 1i-49f o

S
HZN—<\ |

N
><coz-Na+

Step (1): compound ii-49a—compound ii-49b

Compound ii-49a (10.0 g, 46.2 mmol) was used to synthe-
size the target compound in the same way as in step (1) in
Example 103.

Yielded amount: 8.38 g (90%)

'H-NMR (DMSO-d,) &: 10.27 (1H, 5), 10.09 (1H, 5), 7.38
(1H, d, J=2.01 Hz), 7.34 (1H, d, J=2.01 Hz), 3.79 (3H, s).
Step (2): compound ii-49b compound ii-49¢

Compound 1i-49b (8.38 g, 41.4 mmol) was used to synthe-

size the target compound in the same way as in step (2) in
Example 103.

Yielded amount: 18.16 g (99%)

'H-NMR (CDCl,) 8: 7.68 (1H, d, J=1.53 Hz), 7.58 (1H, d,
J=1.98Hz),7.37 (2H, d, ]=8.54 Hz), 7.30 (2H, d, I=8.54 Hz),
6.92 (2H, d, I=8.54 Hz), 6.81 (2H, d, J=8.54 Hz), 5.08 (2H, 5),
5.04 (2H, s), 3.90 (3H, s), 3.83 (3H, s), 3.79 (3H, s).

Step (3): compound ii-49c—=compound ii-49d
Compound ii-49¢ (18.0 g, 40.6 mmol) was used to synthe-

size the target compound in the same way as in step (3) in
Example 103.

Yielded amount: 13.83 g (79%)

45

50

55

60
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0
H
N, S
| / \ 0
N
~o N~ N+\/\ . OH
Y H
COy”

OH

Cl
11-49

'"H-NMR (DMSO-dy) 8: 7.61 (1H, s), 7.53 (1H, s), 7.44
(2H, d, J=8.16 Hz), 7.27 (2H, d, ]=8.16 Hz), 6.98 (2H, d,
J=8.16 Hz), 6.85 (2H, d, J=8.16 Hz), 5.17 (2H, s), 5.00 (2H,
s), 3.77 3H, s), 3.73 (3H, s).

Step (4): compound ii-39e—compound ii-49d—=compound
ii-49e

Compound ii-49d (1.000 g, 2.33 mmol) was used to syn-
thesize the target compound in the same way as in step (4) in
Example 103.

Yielded amount: 1.13 g (92%)

'"H-NMR (DMSO-dy) d: 8.48 (1H, t,J=5.19 Hz), 7.61 (1H,
d, J=1.22 Hz), 7.52 (1H, d, J=1.22 Hz), 7.44 (2H, d, J=8.39
Hz), 7.26 (2H, d, ]=8.39 Hz), 6.98 (2H, d, J=8.39 Hz), 6.84
(2H, d, J=8.39 Hz), 5.15 (2H, s), 4.96 (2H, s), 3.78 (3H, s),
3.73 (3H, s), 2.55 (2H, t, J=7.02 Hz), 1.70-1.66 (4H, m)
Step (5): compound ii-15j+compound ii-49e—compound
11-49

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-49¢ (578 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

Yielded amount: 315.9 mg (32%)

'H-NMR (D,0) §: 7.39 (1H, d, J=1.68 Hz), 7.21 (1H, d,
J=1.68 Hz), 6.98 (1H, s), 5.86 (1H, d, I=4.73 Hz), 5.36 (1H,
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d, I=4.73 Hz), 4.12 (1H, d, J=13.42 Hz), 3.97-3.86 (2H, m),
3.77-3.42 (10H, m), 2.22 (4H, brs), 1.51 (3H, 5), 1.49 (311, 5).

Elem.  Anal.:
(NaHC03)0.1

C30H33CIN701082Na  (H20)8.1

Caled.: C,38.94; H, 5.35; C1, 3.82; N, 10.56; S, 6.91; Na,

2.72(%).

Found: C, 38.90; H, 5.42; C1,3.80; N, 10.74; S, 7.02; Na,

2.68(%).
Example 115

Synthesis of Compound (I11-50)

NH,
HO

N 2HCI

~ OPMB

Cl

ii-2a ii-49d

n=0

S
A
Boc

CO,BH

COt-Bu
ii-15;

HN/<\

CO,BH

COzt Bu

ii-50b

LN

co2 “Na*
1150

10

o
%\M;@L@_
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Step (1): compound ii-2a+compound ii-49d—=compound
ii-50a

Compound ii-49d (6.43 g, 15.0 mmol) was used to synthe-
size a desired compound in the same way as in step (1) in
Example 105. The compound-containing liquid was sub-
jected to amino silica gel column chromatography to elute out
the desired compound with chloroform. The desired-com-
pound-containing fraction was concentrated under reduced
pressure to yield compound ii-50a (8.30 g, 100%).

'H-NMR (DMSO-d,) §: 7.92 (1H, d, J=4.58 Hz), 7.48-
7.42 (4H, m), 7.28 (2H, d, J=8.31 Hz), 6.97 (2H, d, J=8.31
Hz), 6.85 (2H, d, J=8.31 Hz), 5.18 (2H, s), 4.97 (2H, s),

[Formula 162]

Cl
OPMB
(€]

H

OPMB N.
OPMB

+ I
N (6]
/

I\! );'/ Ccl + ii-50a —
\
O

ii-50a
OPMB
OPMB
 ——
Cl
OH
OH
Cl
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3.89-3.83 (1H, m), 3.77 (3H, s), 3.74 (3H, s), 3.00 (2H, br s),
2.14 (3H, s), 1.80-2.05 (6H, m), 1.73 (2H, d, J=14.03 Hz).
Step (2): compound ii-15j+compound ii-50a—compound
11-50

Compound ii-15j (4.68 g, 5.0 mmol) and compound ii-50a >

(3.03 g, 5.5 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 1.75 g (36%)

'H-NMR (D20) §; 7.30 (1H, d, 1=2.06 Hz), 7.16 (1H, 4,
J=2.06 Hz), 6.98 (1H, s), 5.89 (1H, d, I=4.88 Hz), 5.37 (1H,
d, J=4.88 Hz), 4.18 (1H, t, I=7.32 Hz), 4.09-3.93 (4H, m),
3.50 (1H, d, I=16.62 Hz), 3.10 (3H, hr s), 2.80-2.67 (2H, m),
2.39-2.59 (4H, m), 2.18 (2H, d, J=17.08 Hz), 1.52 (3H, s),
1.50 (3H, s).

Elem.  Anal:
(NaHC03)0.1

Caled.: C, 41.01; H, 5.33; C1, 3.77; N, 10.43; S, 6.82; Na,
2.69(%).

Found: C, 40.99; H, 5.30; C1,3.83; N, 10.48; S, 6.89; Na,
2.62(%).

C32H35CIN701082Na  (H20)7.3

Example 116

Synthesis of Compound (I11-51)

10
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Step (1): compound ii-3a+compound ii-50a—compound
1I-51

Compound ii-3a (6.31 g, 5.0 mmol) and compound ii-50a
(3.03 g, 5.5 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 1.10 g (21%)

'H.NMR (D,0) 8: 7.32 (1H, d, J=2.10 Hz), 7.18 (1H, d,
J=2.10 Hz), 7.02 (1M, s), 5.84 (1, d, J=4.87 Hz), 5.34 (11,
d, 1=4.87 Hz), 4.97 (1H, t, J=6.63 Hz), 4.62 (1ML, d, J=14.10
Hz), 4.19 (10, t, J=7.13 Hz), 4.13-3.90 (4H, m), 3.50 (1M, d,
J=17.12 Hz), 3.10 (3H, hr s), 2.70-2.80 (4H, m), 2.59-2.39
(4H, m), 2.19 (21, d, I=17.12 Hz).

Elem. Anal.: C32H32CIN7012S82Na2(H20)9

Calcd.: C, 37.89; H, 4.97; C1, 3.50; N, 9.67; S, 6.32; Na,
4.53(%).

Found: C, 37.91; H, 4.95; Cl, 3.53; N, 9.63; S, 6.35; Na,
4.43(%).

[Formula 163]

6]
I
CO,BH
HBO,C CO,BH ii-50a
ii-3a
S
N | O OPMB
—< )i
/ \ N S 0
Boc N
| N OPMB
N —
~o N A @—NH
nn 0 I Cl
CO,BH
HBO,C CO,BH
ii-51a
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Example 117
Synthesis of Compound (I11-52)
[Formula 164]
O
Br OH Br OPMB OPMB
HO
—_— —_—
F OH F OPMB F OPMB
ii-52a ii-52b ii-52¢
F OPMB
H
NH, N
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+ ii-52¢ —
N 2HCI N (@]
- ~
ii-2a ii-52d
S
O O
/ N
Boc |
N N = Ccl + ii-52d —
\ O
O
>< CO,BH
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_ o —
o OPMB
H/N/<\ | N s Q
N
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\ N \@—NH o
0 F
CO,BH r
CO,t-Bu
ii-52e
OH
(@)
OH

<
\ (6]
O F
COy”

CO,"Na*
1152

Step (1): compound ii-52a—=compound ii-52b

Compound ii-52a (4.50 g, 21.74 mmol) synthesized with
reference to a method described in US 2009/220194 A1 was
suspended into N,N-dimethylformamide (45 ml), and
thereto were then added potassium carbonate (9.01 g, 65.2
mmol) p-methoxybenzyl chloride (7.11 mL, 52.2 mmol) and
sodium iodide (3.26 g, 21.74 mmol) in turn. The liquid was
stirred at 70° C. for 3 hours. The reaction liquid was diluted
with ethyl acetate, washed with an aqueous sodium thiosul-
fate solution, a 2 N aqueous hydrochloric acid solution, a
saturated sodium dicarbonate solution and a saturated salt

60

65

solution, and dried over magnesium sulfate. Magnesium sul-
fate was filtrated off, and then the liquid was concentrated
under reduced pressure. The resultant was subjected to silica
gel column chromatography to elute out a desired compound
with hexane/ethyl acetate. The desired-compound-contain-
ing fraction was concentrated under reduced pressure to yield
compound ii-52b (4.62 g, 48%).

'H-NMR (CDCl,) &: 7.31 (4H, d, I=8.56 Hz), 7.05 (1H, d,
J=6.71 Hz), 6.85-6.91 (4H, m), 6.73 (1H, d, J=9.90 Hz), 5.02
(2H, s), 4.99 (2H, s), 3.81 (6H, s).
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Step (2): compound ii-52b—compound ii-52¢

To a solution of compound ii-52b (4.60 g, 10.28 mmol) in
tetrahydrofuran (50 mL) was added a 1.67 M Bul.i solution
(7.39mL, 12.34 mmol) inhexane at -78° C., and the resultant
solution was stirred at —78° C. for 1 hour. At -78° C., a piece
of'dry ice was added Co the reaction liquid, and the liquid was
stirred at room temperature for 30 minutes. The reaction
liquid was diluted with diethyl ether, and thereto was added
water to separate the liquid to two phases. The resultant water
phase was made into acidity, and then subjected to extraction
with ethyl acetate. The organic phase was washed with a
saturated salt solution, and dried over magnesium sulfate.
Magnesium sulfate was filtrated off, and then the organic
phase was concentrated under reduced pressure. Thereto was
added diisopropyl ether to precipitate a solid. The solid was
collected by filtration, so as to yield compound ii-52¢ (962
mg, 22%).

'H-NMR (DMSO-dy) §: 7.40-7.30 (5H, m), 7.06 (1H, 4,
J=12.20 Hz), 6.94 (2H, d, J=8.62 Hz), 6.90 (2H, d, J=8.62
Hz), 5.11 (2H, s), 5.01 (2H, s), 3.75 (3H, s), 3.74 (3H, s).
Step (3): compound ii-52c—>compound ii-52d

Compound ii-2a (586 mg, 2.76 mmol) and compound
ii-52¢ (950 mg, 2.30 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 105.

Yielded amount: 1.07 g (87%)

'H-NMR (DMSO-dy) 8: 7.71 (1H, 1, J=5.29 Hz), 7.38 (2H,
d, J=8.73 Hz), 7.31 (2H, d, J=8.73 Hz), 7.23 (1H, d, J=7.39
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Hz), 7.06 (1H, d, J=12.76 Hz), 6.95 (2H, d, J=8.73 Hz), 6.91
(2H, d, J=8.73 Hz), 5.11 (2H, s), 5.01 (2H, 5), 3.93-3.87 (1H,
m), 3.75 (3H, s), 3.74 (3H, s), 3.06 (2H, br s), 2.19 (3H, s),
1.84-2.07 (6H, m), 1.71 (2H, d, J=4.27 Hz).
Step (1): compound ii-15a+compound ii-52d—=compound
1I-52

Compound ii-15a (0.842 g, 0.9 mmol) and compound
ii-52d (505 mg, 0.945 mmol) were used to synthesize the
target compound in the same way as in step (1) in Example 95.

Yielded amount: 396.3 mg (42%)

'"H-NMR (D,0) &: 7.15 (1H, d, J=7.32 Hz), 6.98 (1H, s),
6.73 (1H, d, J=12.35 Hz), 5.89 (1H, d, J=4.96 Hz), 5.37 (1H,
d, J=4.96 Hz), 4.23 (1H, t, J=7.09 Hz), 4.10-3.93 (4H, m),
3.50(1H, d, J=16.47 Hz), 3.10 (3H, brs), 2.80-2.68 (2H, m),
2.37-2.59 (4H, m), 2.17 (2H, d, 17.08 Hz), 1.52 (3H, s), 1.50
(3H, s).

Elem. Anal.: C32H35FN7010S2Na (H20)9.8

Caled.: C, 10.02; H, 5.73; F, 1.98; N, 10.21; S, 6.68; Na,
2.39(%).

Found: C, 40.28; H, 5.62; F, 2.05; N, 9.96; S, 6.63; Na,
2.40(%).

Example 118

Synthesis of Compound (I11-53)

[Formula 165]
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H
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Wa'OZC CO[NH.Jr
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Step (1): compound ii-3a+compound ii-52d—=compound Elem. Anal.: C32H32.4FN7012S2Nal.6(H20)10
11-53 Caled.: C, 38.16: H, 5.24: F, 1.89: N, 9.74: S, 6.37; Na,

Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-52d 3.65(%)

(505 mg, 0.945 mmol) were used to synthesize the target ' )

compound in the same way as in step (1) in Example 95. 5 Found: C, 38.51; H, 5.24; F, 2.05; N, 9.35; S, 6.02; Na,
Yielded amount: 430 mg (45%) 3.71(%).
'H-NMR (D,0) &: 7.12 (1H, d, I=7.32 Hz), 6.99 (1H, s),

6.72 (1H, d, J=12.20 Hz), 5.82 (1H, d, J=4.88 Hz), 3.33 (1H,

d, J=4.88 Hz), 5.00-4.96 (1H, m), 4.61 (1H, d, J=13.88 Hz),

4.20 (1H, t, I=6.79 Hz), 4.11-3.88 (1H, m), 3.48 (1H, d, 10

J=16.78 Hz), 3.09 (3H, br s), 2.66-2.79 (4H, m), 2.53-2.09

Example 119

(6H, m). Synthesis of Compound (I11-54)
[Formula 166]
(€] (€] (€]
OMe OH OPMB
HO MeO MeO

—_— — —_—

Cl OMe Cl OH Cl OPMB

ii-54a ii-54b ii-54c
(€]
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HO
Cl OPMB
ii-54d

N N OPMB
D N T 7 pe— N~y

Cl OPMB
ii-54e

Boc N | s
N v iiSde —
\O N / Cl

~o N A W\/\N OPMB

X!
CO,t-Bu CO:BH

ii-54f

Cl OPMB
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-continued

S
HZN—<\ |

N
><coz-Na+

Step (1): compound ii-54a—=compound ii-54b

Compound ii-54a (15.0 g, 69.2 mmol) was used to synthe-
size the target compound in the same way as in step (1) in
Example 103.

Yielded amount: 12.52 g (89%)

'H-NMR (DMSO-d,) &: 10.16 (1B, br s), 9.74 (1H, br s),
7.29 (1H, s), 6.84 (1H, s), 3.77 (3H, s).

Step (2): compound ii-54b—compound ii-54¢

Compound ii-54b (12.0 g, 59.2 mmol) was used to synthe-
size a desired compound in the same way as in step (2) in
Example 103. The reaction liquid was diluted with ethyl
acetate, washed with water and a saturated salt solution, and
dried over magnesium sulfate. Magnesium sulfate was fil-
trated off, and the liquid was concentrated under reduced
pressure and subjected to silica gel column chromatography
to elute out the desired compound with hexane/ethyl acetate.
The desired-compound-containing fraction was concentrated
under reduced pressure to yield compound ii-54c (15.43 g,
59%).

'H-NMR (CDCl,) 8: 7.50 (1H, 5), 7.32 (4H, d, ]=8.69 Hz),
6.96 (1H, s), 6.85-6.92 (4H, m), 5.08 (2H, s), 5.05 (2H, s),
3.38 (3H, s), 3.81 (3H, s), 3.80 (3H, s).

Step (3): compound ii-54c—>compound ii-54d

Compound ii-54c¢ (15.0 g, 33.9 mmol) was used to synthe-
size the target compound in the same way as in step (3) in
Example 103.

Yielded amount: 13.78 g (95%)

'H-NMR (DMSO-d,) &: 7.47 (1H, s), 7.38-7.30 (4H, s),
7.19 (1H, s), 6.89-6.97 (4H, m), 5.12 (2H, s), 5.05 (2H, 3.75
(3H, s), 3.74 (3H, s).

(@]
NH,
OPMB
+ HO
N
~ 2HCI
- cl OPMB
ii-2a
ii-54d

N
>< 7
CO,t-Bu

ii-15j
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N
~o N~ N*\/\N oHn
O it
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Cl OH

1I-54

Step (4): compound ii-39e+compound ii-54d—=compound
ii-54e

Compound ii-54d (1.00 g, 2.33 mmol) was used to synthe-
size the target compound in the same way as in step (4) in
Example 103.

Yielded amount: 1.08 g (88%)

'H-NMR (DMSO-dy) 8: 8.16 (1H, t,J=5.64 Hz), 7.35-7.31
(4H, m), 7.12 (1H, s), 7.09 (1H, s), 6.94-6.91 (4H, m), 5.08
(2H, s), 5.02 (2H, s), 3.74 (6H, s), 2.56-2.54 (2H, m), 2.48-
2.44 (4H, m), 1.69-1.65 (4H, m).

Step (5): compound ii-15j+compound ii-54e—=compound
11-54

Compound ii-3a (0.936 g, 1.0 mmol) and compound ii-54e
(578 mg, 1.1 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95.

Yielded amount: 461.8 mg (47%)

'H-NMR (D,0) 8: 6.99 (1H, s), 6.98 (1H, s), 6.95 (1H, s),
5.8 (1H, d,J=4.96 Hz), 5.37 (1H, d, J=4.96 Hz), 4.14 (1H, d,
J=14.34 Hz), 3.98-3.46 (11H, m), 2.20-2.27 (4H, m), 1.51
(3H, s), 1.50 (3H, s).

Elem.  Anal:
(NaHCO03)0.15

Calcd.: C, 40.30; H, 5.11; C, 5 453 N, 10.91; S, 7.14; Na,
2.94(%).

Found: C, 40.22; H, 4.99; Cl, 3.84; N, 11.00; S, 7.21; Na,
2.97(%).

C30H33CIN7010S2Na  (H20)6.2

Example 120

Synthesis of Compound (I11-55)

[Formula 167]

Cl OPMB

s

OPMB

ii-55a
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Step (1): compound ii-2a+compound ii-54d—=compound
ii-55a Compound ii-54d (214 g, 5.00 mmol) was used to
synthesize a desired compound in the same way as in step (4)
in Example 104. The resultant was subjected to amino silica
gel column chromatography to elute out the desired com-
pound with chloroform. The desired-compound-containing

fraction was concentrated under reduced pressure to yield 4

compound ii-55a (2.74 g, 99%).

'"H-NMR (DMSO-dy) &: 7.92 (1H, d, J=5.03 Hz), 7.36-
731 (4H, m), 7.12 (1H, s), 7.03 (1H, s), 6.95-6.90 (4H, m),
5.09 (2H, s), 5.03 (2H, s), 3.86-3.79 (1H, m), 3.74 (6H, s),
2.96 (2H, brs), 2.13 (3H, 5), 1.95-2.04 (2H, m), 1.89 (4H, s),
1.67 (2H, d, I=14.34 Hz).

Step (2): compound ii-15j+compound ii-55a—=compound
11-55

Compound ii-15j (0.936 g, 1.0 mmol) and compound
ii-55a (606 mg, 1.1 mmol) were used to synthesize the target
compound in the same way as in step (1) in Example 95.

HBO,C

Yielded amount: 254.5 mg (23%)

'H-NMR (D,0) §: 6.98-6.96 (3H, m), 5.89 (1H, d, J=5.03
Hz), 5.37 (1H, d, J=5.03 Hz), 4.23 (1H, t, J=6.56 Hz), 4.10-
3.91 (4H, m), 3.50 (1H, d, J=17.69 Hz), 3.10 (3H, br s),
2.82-2.71 (2H, m), 2.38-2.56 (4H, m), 2.17 (2H, d, J=18.30
o Hz), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C32H35CIN7010S2Na (H20)7.9
Caled.: C, 40.78; H, 5.43; Cl, 3.76; N, 10.40; S, 6.80; Na,

2.44(%).

Found: C, 40.88; H, 5.41; Cl, 3.94; N, 10.19; S, 6.51; Na,
4 222(%).

35

Example 121

Synthesis of Compound (I11-56)

[Formula 168]

Cl OPMB

|
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Z
o
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25
Step (1): compound ii-3a+compound ii-56a—compound Elem. Anal.: C32H32.2CIN7012S2Nal.8(H20)8.1
11-56 ) ) Caled.: C, 38.68; H, 4.91; Cl, 3.57; N, 9.87; S, 6.45; Na,
Compound ii-3a (1.249 g, 1.0 mmol) and compound ii-56a 4.16(%).
(606 mg, 1.1 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 95. 30 Found: C, 38.83; H, 4.96; Cl, 3.75; N, 9.66; S, 6.16; Na,
Yielded amount: 531.4 mg (51%) 4.13(%).
'H-NMR (D,0) 8: 7.01-6.95 (3H, m), 5.84 (1H, d, ]=4.96
Hz), 5.34 (1H, d, I=4.96 Hz), 4.23 (1H, t, J=7.63 Hz), 4.13-
3.80 (4H, m), 3.50 (1H, d, J=17.08 Hz), 3.10 (3H, br s), Example 122
2.80-2.69 (4H, m), 2.37-2.58 (4H, m), 2.17 (2H, d, J=16.93
Hz). Synthesis of Compound (I11-57)

NH
ClL
N
PMBO. OPMB
ii-57a N
_— -
N\)

PMBO COOH OPMB

[Formula 169]

ii-49d Cl

ii-57b

e j\)L

+ ii-57b ———

HBOZC COZBH

ii-3a
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1I-57

Step (1): compound ii-49d+compound ii-57a—=compound
ii-57b

Compound ii-49d (1.29 g, 3.00 mmol) was treated in the
same way as in step (6) in Example 80 to yield compound
ii-57b (1.61 g, yield: 100%)

'H-NMR (CDCl,) 8: 7.36-7.32 (4H, m), 7.03 (1H, d, I=1.9
Hz), 6.92-6.90 (3H, m), 6.85-6.82 (2H, m), 5.06 (2H, s), 5.00
(2H, s), 3.83 (3H, s), 3.80 (3H, s), 3.17-1.70 (13H, m).

Step (2): compound ii-3a+compound ii-57b—compound
11-57

Compound ii-3a (1.29 g, 1.12 mmol) was treated in the
same way as in step (2), followed by step (3) in Example 75 to
yield compound I1-57 (yielded amount: 618 mg, yield: 49%)

MS: 794.47 (M+H)

L

COOBH

ii-3a

25

30

35

(€] Cl
OPMB
N
H
@/\
OPMB

'H-NMR (D,0) 8: 7.09 (1H, s), 7.00 (11, 5), 6.94 (111, 5),
5.83 (1M, d, J=5.0 Hz), 5.32 (1H, d, ]=5.0 Hz), 4.99-4.95 (1H,
m), 4.33 (11, d, J=14.5 Hz), 4.21-3.45 (120, m), 2.73-2.70
(2H, m), 2.44-2.00 (4H, m).

Elem.  Anal.  C31H30CIN7Na2012S2(H20)6.2
(NaHC03)0.1

Caled.: C, 38.98; 8, 4.47; C1, 3.70; N, 10.23; S, 6.69; Na,
5.04.

Found: C, 38.95; H, 4.50; Cl, 3.88; N, 10.22; S, 6.68; Na,
4.90.

Example 123

Synthesis of Compound (I11-58)

[Formula 170]

—_—

ii-58a

OPMB

OPMB
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Step (1): compound ii-3a+compound ii-58a—=compound
11-58

Sodium bromide (206 mg, 2.0 mmol) was added to a solu-
tion of compound ii-3a (1.25 g, 1.0 mmol) in dimethylacetoa-
mide (3 mL), and the resultant was stirred at room tempera-
ture for 1 hour. The reaction liquid was cooled to 15° C., and
then thereto was added compound ii-59a (551 mg, 1.0 mmol).
The resultant was stirred at 15° C. for 6 hours. Thereto was
added N,N-dimethylformamide (4.0 mL), and then the solu-
tion was cooled to —40° C. Thereto was added phosphorus
tribromide (189 pL, 2.0 mmol), and the resultant was stirred 5
at —40° C. for 30 minutes. The reaction mixture was slowly
added to a 5% salt solution cooled with ice. The precipitated
solid was collected by filtration, washed with water, and
suspended into water. The suspension was freeze-dried to
yield compound ii-58b as a pink solid. Compound ii-58b 3,
yielded was used as it was, without being purified, in the next
reaction.

The total amount of compound ii-58b yielded was dis-
solved in dichloromethane (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.09 mL, 35
10 mmol) and a 2 mol/L., aluminum chloride solution (5.0
ml, 10 mmol) in nitromethane in turn. The liquid was stirred
at =30° C. for 30 minutes. To the reaction liquid were added
diisopropyl ether and a small amount of water, and the result-
ant was stirred to generate a precipitate. The supernatant was 4q
removed by decantation. To the insoluble matter adhering to
the vessel were added a diluted aqueous hydrochloric acid

15

e

COOBH

O/Z
3

%
e
Z%
O/ °
o Z\T
hu
§\_/”
@
oz

)ﬁOH
OH

solution, and acetonitrile. The resultant was stirred to dissolve
the matter completely. Thereto was then added diisopropyl
ether, and the water phase was separated to be collected. The
organic phase was again subjected to extraction with water,
and then all of the resultant water phases were combined with
each other. Thereto was added HP20-SS resin. Acetonitrile

o was then distilled off therefrom under reduced pressure. The

resultant mixed liquid was purified by ODS column chroma-
tography. To the desired-compound-containing fraction was
added a 0.2 N aqueous sodium hydroxide solution to adjust
the pH to 6.0. Thereafter, a piece of dry ice was added thereto.
The resultant was concentrated under reduced pressure, and
then freeze-dried to yield compound II-58 as a white powder.

Yielded amount: 570 mg (67%)

'H-NMR (D,0) §: 7.01 (1H, s), 6.95 (1H, d, J=8.31 Hz),
6.90 (14, d,J=8.31 Hz), 5.82 (1H, d, J=4.87 Hz), 5.33 (1B, d,
J=4.87 Hz), 497 (1H, dd, ]=8.14, 5.12 Hz), 4.59 (1H, d,
J=13.93 Hz), 3.94-3.83 (2H, m), 3.60-3.32 (9H, m), 2.73 (1H,
s), 2.71 (1H, d, I=3.19 Hz), 1.96 (61-1, t, J=7.39 Hz).

MS (m+1)=808.32

Elem. Anal. C;,H;,CIN,O,,S,Na,.6.6H,O

Caled.: C, 39.58; H, 4.69; Cl, 365; N, 10.10; S, 6.60; Na,
4.73(%).

Found: C, 39.59; H, 4.69; Cl, 3.85; N, 10.13; S, 6.67; Na,
4.32(%).

Example 124

Synthesis of Compound (I11-59)

[Formula 171]

OPMB

l

OPMB
ii-58a

OPMB

OPMB
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Step (1): compound ii-30a+compound ii-58a—compound MS (m+1)=778.32
11-59 15 Elem. Anal. C;,H;5CIN,0,,S,Na.6.1H,0O
From compound ii-30a (1.53 g, 1.0 mmol) and compound Caled.: C, 42.23; H, 5.23; C1, 3.90; N, 10.77; S, 7.05; Na,
ii-58a (551 mg, 1.0 mmol), compound I1-59 was yielded as a 2.53(%).
white powder in the same way as in step (1) in Example 123. Found: C. 42.14: H. 5.14: C1. 4.15: N. 10.82: S. 7.13: Na
Yielded amount: 471 mg (59%) 2.55(%) YT o T e e ah S e e e
'H-NMR (D,0) &: 6.99 (1H, s), 6.93 (1H, d, ]=8.39 Hz), 20 ~ ’

6.88 (11, d, 1=9.39 Hz), 5.87 (1H. d, ]=5.03 Hz), 5.35 (11, d,
J=5.03 Hz), 4.59 (1H, d, ]=14.03 Hz), 4.53 (11, 1, ]=6.10 Hz),
3.92-3.83 (21, m), 3.59-3.32 (9H, m), 1.95 (6, t, J=7.63

Example 125

Hz), 1.92-1.82 (3H, m), 0.97 (34, t, J=7.40 Hz). Synthesis of Compound (I11-60)
[Formula 172]
S o o
BocHN—<\ | H ”
N N § | X 0 al
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Step (1): compound ii-24a+compound ii-60a—compound
11-60

Compound ii-60a (545 mg, 1.0 mmol) was added to a
solution of compound ii-24a (938 mg, 1.0 mmol) in dimethy-
lacetoamide (3 mL). The reaction vessel was degassed under
reduced pressure. Thereto was added sodium iodide (300 mg,
2.0 mmol), and the solution was stirred at room temperature
for 6 hours. N,N-Dimethylformamide (4.0 ml) was added
thereto, and the solution was cooled to —40° C. Thereto was
added phosphorus tribromide (189 L, 2.0 mmol). The solu-
tion was stirred at —40° C. for 30 minutes. The reaction
mixture was slowly added to a 5% salt solution cooled with
ice. The precipitated solid was collected by filtration, washed
with water, and suspended into water. The suspension was
freeze-dried to yield compound ii-60b as a brown solid. Com-
pound ii-60b yielded was used as it was, without being puri-
fied, in the next reaction.

The total amount of compound ii-60b yielded was dis-
solved in dichloromethane (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.09 mL,
10 mmol) and a 2 mol/L, aluminum chloride solution (5.0 mL,
10 mmol) in nitromethane in turn. The liquid was stirred at
-30° C. for 30 minutes. To the reaction liquid were added
diisopropyl ether and a small amount of water, and the result-
ant was stirred to generate a precipitate. The supernatant was
removed by decantation. To the residue were added a diluted
hydrochloric acid solution in water, and acetonitrile. The
resultant was stirred to dissolve the residue completely.
Thereto was then added diisopropyl ether, and the water
phase was separated to be collected. The organic phase was

5
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15

20
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again subjected to extraction with water, and then all of the
resultant water phases were combined with each other.
Thereto was added HP20-SS resin. Acetonitrile was then
distilled off therefrom under reduced pressure. The resultant
mixed liquid was purified by ODS column chromatography.
To the desired-compound-containing fraction was added a
0.2 N aqueous sodium hydroxide solution to adjust the pH to
6.0. Thereafter, a piece of dry ice was added thereto. The
resultant was concentrated under reduced pressure, and then
freeze-dried to yield compound II-60 as a pale orange pow-
der.

Yielded amount: 313 mg (40%)

'"H-NMR (D,0O) &: 8.62 (1H, br s), 8.22 (1H, br s), 7.64
(1H, brs), 7.03 (1H, d, J=8.48 Hz), 7.00 (1B, s), 6.96 (1H, d,
J=8.48 Hz), 5.86 (1H, d, J=4.78 Hz), 5.65-5.50 (1H, br m),
5.50-5.33 (1H, br m), 5.28 (1H, d, 34.78 Hz), 4.64 (1H, q,
J=7.02 Hz), 4.23-4.00 (1H, br m), 3.76-3.57 (1H, br m), 3.47
(1H, d,J=17.54 Hz), 3.38-3.26 (2H, m), 3.19 (1H, d, J=17.54
Hz), 2.21 (2H, br s), 1.45 (3H, d, J=7.02 Hz).

MS (m+1)=758.39

Elem. Anal.: C;,H,,CIN,O,,S,Na.7.6H,O

Caled.: C, 40.60; H, 4.64; Cl, 3.87; N, 10.69; S, 6.99; Na,
2.51(%).

Found: C, 40.54; H, 4.51; Cl, 4.05; N, 10.71; S, 7.03; Na,
2.60(%).

Example 126

Synthesis of Compound (I11-61)

[Formula 173]

OPMB
OPMB 11 6la
OPMB
" ii-61b
11-
< i
BocHN \ S
w)\/q + ii-61b
COOBH
COOt-Bu
ii-15j
BocHN/<\ S s
iy
ﬁ ‘o
N, —_—
S _z g\ OPMB .
N
COOBH
COOt Bu OPMB
ii-61c




US 9,145,425 B2

369 370
o -continued
(@)
AN L
O ClL
N\O N~ OH
(@]
#\ © Na COO
€00 ® Ol

Step (1): compound ii-2b+compound ii-61a—compound
ii-61b

Compound ii-2b (5.46 g, 10 mmol) and triethylamine (1.39
ml, 10 mmol) were added to a solution of compound ii-61a
(1.23 g, 10 mmol) synthesized as described in a document
(Tetrahedron Letters, 1974, 42, 3715-3718) in dioxane (50
mL). Thereafter, the solution was stirred at 100° C. for 3
hours. To the reaction mixture were added a 5% salt solution,
and methanol, and the resultant was subjected to extraction
with ethyl acetate. The organic phase was washed witha 1 N
aqueous sodium hydroxide solution, and a saturated salt solu-
tion in turn, and then dried over magnesium sulfate. The
inorganic substance was filtrated off, and the organic phase
was concentrated under reduced pressure. The resultant crude
product was purified by silica gel column chromatography.
The desired-compound-containing fraction was concentrated
under reduced pressure. Diisopropyl ether was added to the
residue. The precipitated solid was collected by filtration, and
dried under reduced pressure to yield compound ii-61b as a
white solid.

Yielded amount: 2.27 g (43%)

'H-NMR (CDCL,) &: 7.35 (2H, d, J=8.56 Hz), 7.30 (2HL, d,
J=8.56 Hz), 7.04 (11, brs), 6.95 (1M, brs), 6.93 (2H, d, 8.73

Hz), 6.81 (2H, d, J=8.73 Hz), 5.08 (2H, s), 4.97 (2H, ), 3.84
15 (31, '5),3.79 (3H, 5), 3.71 (2H, br s), 3.05 (2H, t, ]=7.13 Hz),
2.08 (2H, br s).
Step (2): compound ii-15j+compound ii-61b—=compound
1I-61

From compound ii-15j (1.53 g, 1.0 mmol) and compound
ii-61b (551 mg, 1.0 mmol), compound I1-61 was yielded ds a
white powder in the same way as in step (1) in Example 123.

Yielded amount: 540 mg (69%)

'"H-NMR (D,0) 8: 7.81 (1H, br s), 7.56 (1H, s), 7.07 (1H,
d, J=8.39 Hz), 7.00-6.96 (2H, m), 5.85 (1H, d, J=4.80 Hz),
5.26 (1H, s), 5.26 (1H, d, I=4.80 Hz), 5.14 (1H, d, J=15.17
Hz), 4.98 (1H, d, J=15.17 Hz), 3.98 (2H, brs), 3.57 (1H, d,
J=17.69 Hz), 3.32-3.21 (3H, m), 2.21 (2H, br 1.5: (3H, s),
1.50 (3H, s).

MS (m+1)=761.44

Elem. Anal.: C;,H,4CIN O, ,S,Na.6.1H,O

Caled.: C, 40.35; H, 4.54; C1,3.97; N, 12.55; S, 7.18; Na,
2.57(%).

Found: C, 40.32; H, 4.52; Cl, 4.23; N, 12.55; S, 7.21; Na,
2.33(%).
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Example 127

Synthesis of Compound (11-62)

[Formula 174]
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Step (1): compound ii-3a+compound ii-61b—compound 15  MS (m+1)=791.42

11-62 Elem. Anal.: C,1,-CIN,O,,S,Na,.7.0lL,0

From compound ii-3a (1.53 g, 1.0 mmol) and compound ) i i ) ] ]
ii-61b (551 mg, 1.0 mmol), compound I1-62 was yielded as a 4 7(;(‘(1;()1 C,37.49; H, 4.09; C1, 3.69; N, 11.66; S, 6.67; Na,
. 0).

white powder in the same way as in step (1) in Example 123.
Yielded amount: 232 mg (28%) 29  Found: C,37.48; H, 4.16; C1, 3.74; N, 11.66; S, 6.77; Na,
'H-NMR (D,0) §: 7.79 (1H, br s), 7.56 (1H, br s), 7.08 4.62(%).

(1H, d,J=8.39Hz),7.01 (1H, ), 6.98 (1H, d, J=8.39 Hz), 5.82

(1H, d, J=4.73 Hz), 5.23 (1H, d, J=4.73 Hz), 5.16 (1H, d,

J=14.95 Hz), 5.01-4.94 (2H, m), 4.00 (2H, brs), 3.54 (1H, d,

J=17.84 Hz), 3.31-3.25 (3H, m), 2.73 (1H, s), 2.71 (1H, d,

J=4.73 Hz), 2.22 (2H, br s). Synthesis of Compound (11-63)

Example 128

[Formula 175]
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Step (1): compound ii-63a+compound ii-2c—=compound
ii-63b—compound II-63

A solution of compound ii-2¢ (551 mg, 1.0 mmol) in dim-
ethylacetoamide<2 ml.) was cooled to -15° C., and thereto
was added compound ii-53¢ (897 mg, 1.0 mmol). The reac-
tion vessel was then degassed under reduced pressure.
Thereto was added sodium iodide (300 mg, 2.0 mmol), and
the solution was stirred at 15° C. for 6 hours. N,N-Dimethyl-
formamide (4.0 mL) was added thereto, and the solution was
cooled to —40° C. Thereto was added phosphorus tribromide
(189 uL, 2.0 mmol). The solution was stirred at —40° C. for 30
minutes. The reaction mixture was slowly added to a 5% salt
solution cooled with ice. The precipitated solid was collected
by filtration, washed with water, and suspended into water.
The suspension was freeze-dried to yield compound ii-63b as
a brown solid. Compound ii-63b yielded was used as it was,
without being purified, in the next reaction.

The total amount of compound ii-63b yielded was dis-
solved in dichloromethane (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.09 ml,
10 mmol) and a 2 mol/L, aluminum chloride solution (5.0 mL,
10 mmol) in nitromethane in turn. The liquid was stirred at
-30° C. for 30 minutes. To the reaction liquid were added
diisopropyl ether and a small amount of water, and the result-
ant was stirred to generate a precipitate. The supernatant was
removed by decantation. To the insoluble matter adhering to
the vessel were added a diluted aqueous hydrochloric acid
solution, and acetonitrile. The resultant was stirred to dissolve
the matter completely. Thereto was then added diisopropyl

45,425 B2
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ether, and the water phase was separated to be collected. The
organic phase was again subjected to extraction with water,
and then all of the resultant water phases were combined with
each other. Thereto was added HP20-SS resin. Acetonitrile
was then distilled off therefrom under reduced pressure. The
resultant mixed liquid was purified by ODS column chroma-
tography. To the desired-compound-containing fraction was
added a 0.2 N aqueous sodium hydroxide solution to adjust
the pH to 6.0. Thereafter, a piece of dry ice was added thereto.
The resultant was concentrated under reduced pressure, and
then freeze-dried to yield compound I1-63 as a white powder.

Yielded amount: 256 mg (32%)

'H-NMR (D,0) 8: 6.91 (1H, d, J=8.31 Hz), 6.86 (1H, d,
J=8.31Hz),5.89 (1H, d, ]=4.88 Hz), 5.37 (1H, d, J=4.88 Hz),
4.61 (1H, d, J=13.88 Hz), 4.23 (1H, t, J=7.17 Hz), 4.10-3.92
(4H, m), 3.49 (1H, d, J=16.62 Hz), 3.09 (3H, s), 2.81-2.71
(2H, m), 2.57-2.42 (4H, m), 2.18 (2H, d, J=16.78 Hz), 1.55
(3H, s), 1.54 (3H, s).

MS (m+1)=779.55

Elem. Anal.: C;,H,,CIN,O,,S,Na.8.3H,0

Caled.: C,39.16; H, 5.36; Cl,3.73; N, 11.79; S, 6.75; Na,
2.42(%).

Found: C, 39.01; H, 5.31; Cl, 3.86; N, 11.90; S, 6.79; Na,
2.60(%).
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Example 129

Synthesis of Compound (11-64)

[Formula 176]
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N ™~ 2 N
N N (0] F
~N o Z 3
¢]
COOBH 1
COOt-Bu €]
ii-64b
S OH
~N o
HN
: <\ | 13 0
N S N
OH
N ~ 2
N N (0] F
\O P >
(0]
]
9 N
coo @a (¢e]0)
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Step (1): compound ii-63a+compound ii-64a—compound
11-64

From compound ii-63a (1.53 g, 1.0 mmol) and compound
ii-64a (551 mg, 1.0 mmol), compound I1-64 was yielded as a
white powder in the same way as in step (1) in Example 128.

Yielded amount: 186 mg (24%)

'H-NMR (D,0) §: 7.08 (1H, t, I=8.43 Hz), 6.77 (1H, dd,
J=8.43,1.45Hz),5.90(1H, d, 4.96 Hz), 537 (1H, d, 4.96 Hz),
4.63 (1H, d, J=14.18 Hz), 4.23 (1H, t, J=6.79 Hz), 4.10-3.93
(4H, m), 3.50 (1H, d, 16.62 Hz), 3.10 (3H, s), 2.80-2.68 (2H,
m),2.59-2.40 (4H, m), 2.18 (2H, d,J=16.93 Hz), 1.55 (3H, s),
1.54 (3H, s).

10

376
MS (m+1)=763.57
Elem. Anal.: C;;H;,FN,O,,S,Na.7.1H,0O
Caled.: C, 40.80; H, 5.32; F, 2.08; N, 12.28; S, 7.03; Na,
2.52(%).
Found: C, 40.72; H, 5.40; F, 2.13; N, 12.50; S, 7.06; Na,
2.61(%).

Example 130

Synthesis of Compound (I11-65)

[Formula 177]
S~
BocHN \ |N R % j
N
<j 0 Me
N N Cl  + —_—
N OPMB
o g A ~ Ny
H
#\ COOBH
COOt-Bu OPMB
ii-63a ii-38f
— S —
~x o
BocHN—<\ | i S
N j;( f § o} Me
N N N OPMB
~ o G ®\/\N I
I H
COOBH €]
COOt-Bu OPMB
ii-65a

N )ﬁ—( f § 0 Me
N\o d N g\/\ g)‘\(j:(m
e
S OH

55

60

65

Step (1): compound ii-63a+compound ii-39f—=compound
1I1-65

From compound ii-63a (1.53 g, 1.0 mmol) and compound
ii-39f (551 mg, 1.0 mmol), compound II-65 was yielded as a
white powder in the same way as in step (1) in Example 128.

Yielded amount: 298 mg (40%)

'"H-NMR (D,0) 8: 6.90 (1H, d, J=8.31 Hz), 6.80 (1H, d,
J=8.31Hz),5.89 (1H, d, J=5.04 Hz), 5.37 (1H, d, J=5.04 Hz),
4.12 (1H, d, J=14.27 Hz), 3.97-3.47 (11H, m), 2.23 (7H, s),
1.54 3M, 1.53 (3H, s).

MS (m+1)=733.57

Elem. Anal.: C;,H;N;O,,S,Na.7.1H,O

Caled.: C, 40.82; H, 5.62; N, 12.69; S, 7.27; Na, 2.60(%).

Found: C, 40.66; H, 5.44; N, 12.92; S, 7.44; Na, 2.89(%).
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Example 131
Synthesis of Compound (I11-66)
[Formula 178]
O
/4 I 0 OPMB
S
BocHN N OPMB
o + : : \/\N
Cl H
OPMB
C 00t-Bu COOBH
ii-63a 1i-39d
BocHN )\’é; );( o OPMB
N OPMB -
@\/\g
I
COOt Bu COOBH ] OPMB
ii-66a

0ee PoCNE

COO ®

Step (1): compound ii-64a+compound ii-39d—=compound 45
11-66

From compound ii-63a (1.53 g, 1.0 mmol) and compound
ii-39d (551 mg, 1.0 mmol), compound I1-66 was yielded as a
white powder in the same way as in step (1) in Example 128.

Yielded amount: 254 mg (34%) 50

'H-NMR (D,0) §: 7.15 (1H, d, J=8.77 Hz), 6.51 (1H, d,
J=8.77Hz), 5.88 (1H, d, J=5.03 Hz), 5.35 (1H, d, I=5.03 Hz),
4.09(1H,d,J=14.49Hz),3.94-3.43 (11H, m), 2.21 (4H, brs),
1.54 (3H, s), 1.53 (3H, s).

0
|

e s
%ﬁ% S

COOt Bu COOBH

ii-63a

1I-66

MS (m+1)=735.53

Elem. Anal.: C,oH;;N.O,,S,Na.6.8H,O

Caled.: C,39.61; H, 5.34; N, 12.74; S, 7.29; Na, 2.61(%).
Found: C, 39.64; H, 5.25; N, 12.58; S, 7.36; Na, 2.60(%).

Example 132

Synthesis of Compound (I11-67)

[Formula 179]

OPMB

ZiT

OPMB

ii-40a
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S——i fo)
BocHN/&N)\’é;
N

~o
7 NCootBa

-continued

COOBH

ii-67a

e Na
COO

1I-67

Step (1): compound ii-63a+compound ii-40a—compound
11-67

From compound ii-63a (1.53 g, 1.0 mmol) and compound
ii-40a (551 mg, 1.0 mmol), compound I1-67 was yielded as a
white powder in the same way as in step (1) in Example 128.

Yielded amount: 240 mg (31%) 30

'H-NMR (D,0) &: 6.84 (1H, d, J=8.24 Hz), 6.77 (1H, 4,
8.24 Hz), 5.89 (1H, d, J=4.96 Hz), 5.37 (1H, d, J=4.96 Hz),
4.62 (1H, d, J=13.88 Hz), 4.22 (1H, t, J=7.47 Hz), 4.09-3.92
(4H, m), 3.49 (1H, d, 16.78 Hz), 3.09 (3H, s), 2.81-2.70 (2H,
m),2.56-2.39 (4H, m), 2.22 (3H, s), 2.17 (2H, d, J=17.23 Hz),
1.55 CH, s), 1.54 (3H, s).

- Yk NS

380

OPMB |

OH

H
N.
OH

MS (m+1)=759.59

Elem. Anal.: C;,H;,NO,,S,Na.8.8H,0

Caled.: C, 40.92; H, 5.86; N, 11.93; S, 6.83; Na, 2.45(%).
Found: C, 40.89; H, 5.63; N, 11.79; S, 6.91; Na, 2.68(%).

Example 133

Synthesis of Compound (I11-68)

[Formula 180]

S~x 0
BocHN
\ J\’RL !
OPMB
);Qv
OPMB
COOBH
COOt Bu /N OPMB
ii-63a ii-42a
B S OPMB |
N
BocHN
H
\ J\’%L j J
OPMB
I(g\/ (0] OPMB
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-continued

N

Na
®

; COO

Step (1): compound ii-63a+compound ii-42a—compound
11-68

From compound ii-63a (1.53 g, 1.0 mmol) and compound
ii-42a (551 mg, 1.0 mmol), compound I1-68 was yielded as a
white powder in the same way as in step (1) in Example 128.

Yielded amount: 244 mg (31%)

'H-NMR (D,0) &: 7.25 (1H, d, J=8.90 Hz), 6.54 (1H, 4,
J=8.90Hz), 5.91 (1H, d, J=5.04 Hz), 5.37 (1H, d, ]=5.04 Hz),
4.63 (1H, d, J=15.44 Hz), 4.26 (1H, t, J=7.13 Hz), 4.09-3.92
(4H, m), 3.48 (1H, d, J=16.79 Hz), 3.10 (3H, s), 2.80-2.71
(2H, m), 2.57-2.42 (4H, m), 2.12 (2H, d, J=16.95 Hz), 1.56
(3H, s), 1.51 (3H, s).

15

20

[Tl [}avl
[1i]}as]

382
OH
H
N.
OH
~
N O OH
F ®
Q
COO
11-68

MS (m+1)=761.55

Elem. Anal.: C;;H;5NgO,;S,Na.6.4H,0

Caled.: C,41.46; H, 5.36; N, 12.48; S, 7.14; Na, 2.56(%).
Found: C, 41.41; H, 5.16; N, 12.52; S, 7.23; Na, 2.72(%).

Example 134

Synthesis of Compound (I1I-1)

[Formula 181]

BnHN—<:|:>N—Boc — BnHN—Oi>N—

jani 110}

i
iii-la iii-1b
N.
=N 0 Cl
PMBO
N\O OPMB
! !
H PMBO H
N N— OPMB N—
f iii-1d f
i i
iii-1c iii-le
(€]
< |
BocHN
N\ s
;Q\/Cl + iii-le ——
COOPMB

COOt Bu
iii-1f
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-continued OPMB
S o %
BocHN—<\ | OPMB —
N
| (@] ClL
N
o
>KCOOt—Bu I-
iii-1g
OH
S
H
H. N—< | i N
: \ NH S Of
N
(@] ClL

Step (1): Compound iii-la—Compound iii-1b—Compound
iti-lc—compound iii-1e

To a suspension of lithium aluminum hydride 0.817 g, 47.9
mmol) in tetrahydrofuran (50 ml) was added the known com-
pound iii-1a (5.05 g, 15.96 mmol) (see Bioorganic & Medici-
nal Chemistry 20 (2010) 16741-676). The reaction mixture
was heated at reflux for 6 hr. The reaction mixture was cooled
to 0° C., sodium sulfate decahydrate (20g) was added thereto,
and stirred at room temperature for 2 hr. The suspension was
filtered and the filtrate was concentrated in vacuo to afford
compound iii-1b (4.06 g), which was used for the next step
without further purification. To a solution of compound iii-1b
in methanol (20 mL) and acetic acid (20 mL) was added 20%
palladium hydroxide (0.56g), and the mixture was stirred at
room temperature under hydrogen atmosphere for 1 day. The
resulting mixture was filtered through celite and filtrate was
concentrated to afford compound iii-1c (6.16 g).

To a solution of compound iii-1¢ (1.722 g) in tetrahydro-
furan (17 mL) was added triethylamine (4.16 mL, 30 mmol)
and compound iii-1d, and the mixture was stirred at room
temperature. The aqueous layer was basified by 2 mol/l,
sodium hydroxide aqueous solution, extracted with ethyl
acetate and the combined extracts were washed with water
and brine, dried over magnesium sulfate, filtered, and con-
centrated in vacuo. The residue was purified by silica gel
chromatography to afford compound iii-le (1.24 g, 2.243
mmol)

30

35

45

©
0
BocHN |
S
®

P Cl +

% —N
_— COOBH
t-BuOOC COOPMB

iii-2a

'H-NMR (CDCl,) &: 9.37 (1H, d, J=9.8 Hz), 7.38-7.21
(5H, m), 6.98-6.80 (5H, m), 5.06 (2H, s), 4.92 (2H, s), 4.63-
4.55 (1H, m), 3.79 (6H, dd, J=11.1, 8.1 Hz), 2.75-2.67 (4H,
m), 2.18-2.02 (6H, m), 1.72-1.57 (2H, m)

Step (2): Compound iii-le—=Compound (III-1)

Compound iii-1e (0.603 g, 1.1 mmol) and compound iii-1f
(867 mg, 1.1 mmol) were used to synthesize the target com-
pound in the same way as in step (1) in Example 128.

Yielded amount: 650 mg (75%)

MS (m+1): 778.43

'H-NMR (D,0) &: 6.99 (1H, s), 6.95-6.84 (2H, m), 5.90
(1H, d, J=4.7 Hz), 5.38 (1H, d, J=5.0 Hz), 4.48-4.40 (1H, m),
4.06-3.85 (5H, m), 3.50-3.09 (10H, m), 3.00 (1H, s), 2.46
(3H, s), 1.63-1.47 (1H, m>.

Elemental Analysis

Caled.: C,43.79; H, 5.01; N, 11.17; Cl1, 4.04; S, 7.31; Na,
2.62(%).

Found.: C, 43.76; H, 4.93; N, 11.01; C1, 4.13; S, 7.15; Na,
3.01(%).

Example 135

Synthesis of Compound (I1I-2)

[Formula 182]
OPMB

>—©—OPMB -

iii-2b

g }as]

e
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OPMB
S 0
BocHN —<\ | § < OPMB
N r
| (@] Cl —_—
N N A N&
\O d
- COOBH
t-BuOOC COOPMB
iii-2¢
OH
S o) H
N
HZN—<\ | OH
N
(@] ClL

*Na-00C COONa*

Step: Compound iii-2a—Compound iii-2b—Compound (I11-
2)

Compound iii-2a (0.460 g, 0.835 mmol) and compound
iii-2b (828 mg, 0.835 mmol) were used to synthesize the

target compound in the same way as in step (1) in Example
128.

Yielded amount: 247 mg (35%)

MS (m+1)=808.38

'H-NMR (D,0) &: 7.03 (1H, d, ]=7.4 Hz), 6.97-6.88 (2H,
m), 5.84 (1H, d, J=5.0 Hz), 5.35 (1H, d, J=5.0 Hz), 4.99-4.88
(2H, m), 4.43 (1H, td, I=11.0, 5.3 Hz), 4.05-3.89 (4H, m),
3.55-3.06 (9H, m), 2.76-2.64 (2H, m), 2.54-2.41 (2H, br m),
1.63-1.52 (2H, m).

S
BocHN/<\ | COOH
N

S
)T
N
o A

W\\\w kcOOBH

iii-3a

S
(@)
Bocm4\Nj\RL§ .
|
N\O N / Cl
O

W\\\“‘ kcOOBH

COOBH

iii-3¢

NH S
N ];N
\ 7 W
0 (@]
COO"

III-2

Elemental Analysis

Caled.: C, 40.10; H, 4.61; N, 10.23; Cl, 3.70; S, 6.69; Na,
4.80(%).

Found.: C, 39.90; H, 4.43; N, 10.25; C1,3.55; S, 6.83; Na,
5.10(%).

30

35

Example 136

Synthesis of Compound (I1I-3)

[Formula 183]

i-3b

iii-3d
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OPMB
iii-3d  + i —
N
@f OPMB
N 0 Cl
/
iii-3e
OPMB |
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N
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OH
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“N 0 Cl
F ®

W\\\\ coone 9

1II-3

Step (1): Compound iii-3a+Compound iii-3b—Compound
iii-3c—=Compound iii-3d

To a solution of compound iii-3a (8.19 g, 14.8 mmol) in
ethyl acetate (32 mL), compound iii-3b (7.01 g, 15.5 mmol)
was added and then cooled to —40° C. Phenyl dichlorophos-
phate (3.32 ml, 22.2 mmol) was slowly added, and then
N-methylmorpholine (6.51 mL, 59.2 mmol) was added drop-
wise over 25 minutes. After stirring at —40° C. for 1.5 hours,
aqueous 0.2 mol/L hydrochloric acid was added Co the reac-
tion mixture, followed by extraction with ethyl acetate. The
organic layer was washed with water, aqueous 5% sodium
hydrogen carbonate, then saturated brine, and then dried with
anhydrous magnesium sulfate. The inorganic substance was
removed by filtration, and then concentrated and subse-
quently drying under reduced pressure to yield compound
iii-3¢ as an yellow foam. The obtained compound iii-3¢ was
used in the next reaction without purification.

A solution of the whole amount of compound iii-3c
obtained in methylene chloride (84 ml) was cooled to —40° C.
A solution of m-chloroperbenzoic acid (4.32 g, 16.3 mmol) in
methylene chloride (56 ml) was added drop-wise thereto over
30 minutes. After stirring at -40° C. for 30 minutes, aqueous
15% sodium thiosulfate solution was added thereto, methyl-
ene chloride was evaporated under reduced pressure, fol-
lowed by extraction with ethyl acetate. The organic layer was
washed with aqueous 5% sodium hydrogen carbonate, then
saturated brine, and then dried with anhydrous magnesium
sulfate. The inorganic substance was removed by filtration,
followed by concentration in vacuo. The resulting crude prod-
uct was purified by silica gel column chromatography to yield
compound iii-3d as a white foam.

Yield: 12.9 g, (83%)

35

40

45

50

55

60

65

'"H-NMR (CDCl,) 8: 0.99 (6H, dd, J=11.1, 6.9 Hz), 1.53
(9H, s),2.40-2.28 (1H, m), 3.35 (1H, d, J=18.5 Hz),3.76 (1H,
d, I=18.5Hz), 4.17 (1H, d, J=11.6 Hz), 4.58 (1H, dd, ]=22.0,
4.7Hz),4.77 (1H,d, J=53 Hz), 4.96 (1H, d, ]=12.4 Hz), 6.21
(1H, dd, J=9.3, 4.8 Hz), 6.96 (1H, s), 6.98 (1H, s), 7.11-7.47
(21H, m), 8.07 (1H, d, J=9.3 Hz), 8.24 (1H,

Step (2) compound iii-3d+compound iii-3e—=compound iii-
3f—=compound (II1-3)

A solution of compound iii-3e (5.51 mg, 1.0 mmol) in
dimethylacetoamide: (2 ml.) was cooled to 15° C., and
thereto was added compound iii-3d (1.05 g, 1.0 mmol). The
reaction vessel was then degassed under reduced pressure.
Thereto was added sodium iodide (300 mg, 2.0 mmol) and the
solution was stirred at 15° C. for 6 hours. N,N-Dimethylfor-
mamide (4.0 mL) was added thereto, and the solution was
cooled to —40° C. Thereto was added phosphorus tribromide
(189 uL, 2.0 mmol). The solution was stirred at —40° C. for 30
minutes. The reaction mixture was slowly added to a 5% salt
solution cooled with ice. The precipitated solid was collected
by filtration, washed with water, and suspended into water.
The suspension was freeze-dried to yield compound iii-3f as
abrown solid. Compound iii-3f was used in the next reaction
without being purified. The total amount of compound iii-3f
yielded was dissolved in dichloromethane (10 mL), and the
solution was cooled to —40° C. Thereto were then added
anisole (1.09 mL., 10 mmol) and 2 mol/L. aluminum chloride
solution (5.0 mL, 10 mmol) in nitromethane in turn. The
liquid was stirred at 0° C. for 30 minutes. To the reaction
liquid were added diisopropyl ether and a small amount of
water, and the resultant was stirred to generate a precipitate.
The supernatant was removed by decantation. To the
insoluble matter adhering to the vessel were added a diluted
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aqueous hydrochloric acid solution, and acetonitrile. The
resultant was stirred to dissolve the matter completely.
Thereto was then added diisopropyl ether, and the water
phase was separated to be collected. The organic phase was
again subjected to extraction with water, and then all of the
resultant water phases were combined with each other.
Thereto was added HP20-SS resin. Acetonitrile was then
distilled off therefrom under reduced pressure. The resultant
mixed liquid was purified by ODS column chromatography.
To the desired-compound-containing fraction was added a
0.2 mol/LL aqueous sodium hydroxide solution to adjust the
pHto 6.0. Thereafter, apiece of dry ice was added thereto. The
resultant was concentrated under reduced pressure, and then
freeze-dried to yield compound I1I-3 as a white powder.

390

J=5.1 Hz), 4.62 (1H, d, I=13.8 Hz), 4.35 (1H, d, J=5.4 Hz),
4.22(1H,t,]J=7.2 Hz), 4.08-3.92 (4H, m), 3.48 (1H, d, J=16.5
Hz), 3.09 (3H, s), 2.79-2.73 (2H, m), 2.50-2.41 (4H, m),
2.19-2.1 (3H, m), 1.00 (6H, d, t=7.2 Hz).

MS (m+1): 792.48

Elem. Anal.: C4;H;,CIN,O, ,S,NaH,0(5.9)

Calcd.: C, 43.06; H, 5.34; Cl, 3.85; N, 10.65; S, 6.97; Na,
2.50(%).

Found.: C, 42.98; H, 5.21; C1,3.90; N, 10.68; S, 7.14; Na,
2.52(%).

10

Example 138

Yielded amount: 369 mg (45%) 15
'H-NMR (D,0) &: 6.98 (1H, s), 6.93 (1H, d, J=8.4 Hz),
6.88 (1H, d, J=8.4 Hz), 5.88 (1H, d, J=5.1 Hz), 5.36 (1H, d, Synthesis of Compound (I11-5)
[Formula 184]
O Cl
OPMB
BtO
HCL g, o cl
OPMB OPMB
iii-5b N
N H
N
"ol OPMB
iii-5a iii-5¢
S
PFYE I
BocHN \ NH S
ST O
N N Cl + iii-5¢ —
\O G /
CO.t-Bu o) OPMB
iii-5d
S O
/< | ? | o al
BocHN \ NH S
N OPMB
| . 3 .
~ N / N
O d
OPMB
CO,PMB
CO»-Bu I
iii-5e
S
O Cl

s OH
| . N
N\ N F N
><O 0 OH

III-5
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Step (1): Compound iii-5a—=Compound iii-5¢ 'H-NMR (D,0) &: 6.98 (1H, s), 6.93-6.84 (2H, m), 5.89
The title compound iii-5c was synthesized from compound (1H,d,J=4.7Hz),5.37 (1H, d, J=4.7 Hz),4.72 (1H, d, I=13.0
iii-5a (0.700 g, 3.28 mmol) following a similar procedure Hz), 4.15 (1H, d, J=13.0 Hz), 4.03-3.69 (6H, m), 3.49-3.44
described above (0.624 g, 35%). (2H, m), 2.43-2.04 (8H, m), 1.52 (3H, s), 1.50 (3H, s).
'H-NMR (CDCl,) &: 7.38-7.33 (5H, m), 6.99-6.81 (6H, > Elemental analysis for C31H30FN7Na201252(H20)7.1
m), 5.07 (2H, s), 4.94 (2H, s), 3.83 (3H, 5), 3.80 3H, 5),3.41  (NaHCO03)0.1

(2H, d, I=5.9 Hz), 3.09-3.02 (2H, m), 2.68-2.60 (2H, m), caled.: C,41.24; H, 5.15;,C1,3.77; N, 10.42; S, 6.82; Na,
1.92-1.62 (8H, m). 3.18.
Step (2); Compound iii-SdeCompound (IH-S) found.: C, 41.12; H, 5.04; Cl, 3.82; N, 10.50; S, 7.07; Na,

The title compound I11-5 was synthesized from compound 10°3.35.
iii-5d (0.900 g, 1.13 mmol) following a similar procedure
described above.

Yield: 0.045 g (5%)

Example 139

MS: 778.31 (M+H) Synthesis of Compound (I1I-6)
[Formula 185]
OPMB O OPMB
OPMB OPMB
PMBO HO
—_—
iii-6a iii-6b iii-6¢
O OPMB
{ \ +iii-6e — :N\/\: OPMB
N N
\/\NH2 H
iii-6d iii-6e
S
O
HN/<\ |
/ N
Boc
+  jii-6e ——
COZt Bu CO,BH
iii-6f
HN/<\
O OPMB
D ——
OPMB
COzt Bu CO,BH I
iii-6g
S
O
HZN/<\ |
N
| O OH

N\ OH

0 Ny
K i
COyNa*

1I1-6



US 9,145,425 B2

393
Step (1): Compound iii-6a—=Compound iii-6b

Compound iii-6a (15.0 g, 97.0 mmol) was dissolved into
N,N-dimethylformamide (180 mL), and thereto were then
added potassium carbonate (60.5 g, 438 mmol), p-methoxy-
benzyl chloride (47.7 ml, 0.350 mmol) and sodium iodide
(14.6 g, A7.0 mmol) in turn. The liquid was stirred at 70° C.
for 2 hours. The reaction liquid was diluted with ethyl acetate,
and the organic phase was washed with water and a saturated
salt solution, and dried over magnesium sulfate. Magnesium
sulfate was filtrated off. The organic phase was then concen-
trated under reduced pressure. Thereto was added diisopropyl
ether/ethyl acetate to precipitate a solid. In this way, com-
pound iii-6b was yielded (26.3 g, 52%).

'H-NMR (CDCl,) 8: 7.32-7.35 (5H, m), 7.17 (2H, d, 8.69
Hz), 7.12-7.01 (2H, m), 6.87 (4H, t, I=9.00 Hz), 6.75 (2H, d,
J=8.85Hz), 5.24 (2H, 5), 5.04 (2H, 5), 9.94 (2H, 5), 3.82 (3H,
s>, 3.80 (3H, s), 3.78 (3H, a).

Step (2): Compound iii-6b—Compound iii-6¢

An 8 mol/L. aqueous sodium hydroxide solution (12.15 ml,
97.0 mmol) was added to a solution of compound iii-6b (25.0
g, 48.6 mmol) in tetrahydrofuran (70 mL) and methanol (60
mL). The resultant solution was stirred at 70° C. for 2 hours.
To the reaction liquid was added a 2 mol/LL aqueous hydro-
chloric acid solution (55 mL), and the solution was concen-
trated under reduced pressure. The precipitated solid was then
collected by filtration, and washed with water and diisopropyl
ether to yield compound iii-6¢ (16.9 g, 88%).

'H-NMR (DMSO-dy) 8: 7.42 (2H, d, ]=8.73 Hz), 7.32 (1H,
dd, J=7.89, 1.85 Hz), 7.27 (2H, d, J=8.73 Hz), 7.20-7.09 (2H,
m), 6.96 (2H, d, J=8.73 Hz), 6.84 (2H, d, J=8.73 Hz), 5.10
(2H, s), 4.89 (2H, 5) 3.77 (3H, 5), 3.74 (3H, s).

Step (3): Compound iii-6d+Compound iii-6c—Compound
iii-6e

Compound iii-6¢ (1.00 g, 2.54 mmol) was suspended into
dichloromethane (10 mL). Thereto were then added 1-hy-
droxybenzotriazole (411 mg, 3.04 mmol) and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (535 mg,
2.79 mmol) in turn while cooled with ice. The liquid was
stirred at room temperature for 30 minutes. Thereto was
added compound iii-6d (353 pl, 2.79 mmol) while cooled
with ice. The resultant was stirred at room temperature for 3
hours. The reaction liquid was diluted with dichloromethane,
washed with an aqueous sodium hydroxide solution, water
and a saturated salt solution, and dried over magnesium sul-
fate. Magnesium sulfate was filtrated off, and then the liquid
was concentrated under reduced pressure. The compound-
containing liquid was subjected to amino silica gel column
chromatography to elute out the desired compound with chlo-
roform. The desired-compound-containing fraction was con-
centrated under reduced pressure to yield compound iii-6e
(1.23 g, 99%).

'H-NMR (DMSO-dy) (8: 8.22 (1H, t, ]=5.34 Hz), 7.42
(2H, d, J=8.39 Hz), 7.29-7.22 (4H, m), 7.11 (1H, t, J=7.78
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Hz), 6.96 (2H, d, J=8.39 Hz), 6.83 (2H, d, J=8.39 Hz), 5.10
(2H, s), 4.93 (2H, s), 3.76 (3H, ), 3.73 (3H, s), 3.30 (2H, q,
J=5.80Hz),2.44 (2H,t,J=6.71 Hz),2.38 (411, brs), 1.60 (4H,
brs).
Step (4): Compound iii-6f+Compound iii-6e—Compound
(111-6)

Sodium iodide (300 mg, 2.0 mmol) was added to a solution
of compound iii-6f (936 mg, 1.00 mmol) in dimethylacetoa-
mide (2 mL), and the resultant solution was stirred at room
temperature for 5 minutes. The solution was cooled to 0° C.,
and then thereto was added compound iii-6e (540 mg, 1.10
mmol). Thereafter, the solution was stirred at 0-10° C. for 6
hour. Thereto was added N,N-dimethylformamide (2 mL),
and then the solution was cooled to —40° C. Thereto was
added phosphorus tribromide (189 plL, 2.0 mmol), and the
solution was stirred at —40° C. for 30 minutes. The reaction
mixture was slowly added to a 5% salt solution cooled with
ice. The precipitated solid was collected by filtration, washed
with water, and then suspended into water. The suspension
was freeze-dried to yield compound iii-6g as a pale yellow
solid. Compound iii-6g was used in the next reaction without
being purified.

The total amount of compound iii-6g yielded was dis-
solved in methylene chloride (10 mL), and the solution was
cooled to —40° C. Thereto were then added anisole (1.092
ml, 10.0 mmol) and a 2 ME aluminum chloride solution
(5.00 mL, 10.0 mmol) in nitromethane in turn. The resultant
was stirred at 0° C. for 1 hour. The reaction liquid was dis-
solved in water, a 2 mol/L. aqueous hydrochloric acid solu-
tion, and acetonitrile. The resultant solution was then washed
with diisopropyl ether. To the water phase was added HP20-
SS resin, and then acetonitrile was distilled off under reduced
pressure. The resultant mixed liquid was purified by ODS
column chromatography. To the resultant target-compound
solution was added a 0.2 mol/LL aqueous sodium hydroxide
solution until the whole gave a pH of 6.0. Thereafter, a piece
of dry ice was added thereto. The resultant solution was
concentrated under reduced pressure, and then freeze-dried to
yield compound III-6 as a pale yellow powder.

Yielded amount: 397.4 mg, (41%).

'"H-NMR (D,0) &: 7.27 (1H, dd, J=8.01, 1.53 Hz), 7.08
(1H, dd, J=8.01, 1.53 Hz), 6.98 (1H, 5), 6.82 (1H, t, 8.01 Hz),
5.88 (1H, d,J=4.96 Hz), 5.36 (1H, d, ]=4.96 Hz), 4.13 (1H, d,
J=14.18 Hz),3.98-3.93 (2H, m), 3.87-3.78 (1H, m), 3.69-3.46
(8H, m), 2.23 (4H, brs), 1.51 (3H, s), 1.49 (3H, s).

Elem. Anal.: C30H34N,010S2Na (H20)7.3(NaHCO3)
0.21

Caled.: C, 40.82; H, 5.53; N, 11.03; S, 7.21; Na, 3.13(%).

Found.: C,40.71; H, 5.43; N, 11.19; S, 7.47; Na, 3.12(%).

Example 140

Synthesis of Compound (I1I-7)

Formula 187]
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Step (1): Compound iii-7a+Compound iii-7b—Compound
iii-7¢

Compound iii-7b (1.97 g, 5.00 mmol) was dissolved in to
dichloromethane (20 mL). Thereto were added 1-hydroxy-
benzotriazole (811 mg, 6.00 mmol) and 1-ethyl-3-(3-dim-
ethylaminopropyl)carbodiimide hydrochloride (1.05 g, 5.50
mmol) in turn while cooled with ice. The liquid was stirred at
room temperature for 30 minutes. Thereto were added com-
pound iii-7a (1.28 g, 6.00 mmol) and diisopropylethylamine
(2.62 ml, 15.0 mmol) while cooled with ice. The resultant was
stirred at room temperature for 3 hours. The reaction liquid
was diluted with dichloromethane, and the organic phase was
washed with an aqueous sodium hydroxide solution, water
and a saturated salt solution, and dried over magnesium sul-
fate. Magnesium sulfate was filtrated off, and then the organic
phase was concentrated under reduced pressure. The com-
pound-containing liquid was subjected to amino silica gel
column chromatography toe elute out the desired compound
with chloroform. The desired-compound-containing fraction
was concentrated under reduced pressure to yield compound
iii-7¢ (2.36 g, 91%).
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'"H-NMR (DMSO-dy) 8: 8.22 (1H, d, J=6.25 Hz), 7.45 2H,
d, J=8.69 Hz), 7.33-7.22 (4H, m), 7.13 (1H, t, J=7.93 Hz),
6.97 (2H, d,J=8.69 Hz), 6.83 (2H, d, J=8.69 Hz), 5.12 (2H, 5),
4.97 (2H, s), 3.90 (1H, q, J=6.66 Hz), 3.77 (3H, 5), 3.73 (3H,
s), 2.86 (2H, brs), 2.07 (3H, s), 1.99-1.91 (2H, m), 1.76-1.72
(2H, m), 1.50 (2H, d, J=8.08 Hz), 1.42 (2H, d, J=13.88 Hz).
Step (2): Compound iii-7d+Compound iii-7c—Compound
II1-7)

Compound iii-7d (936 mg, 1.00 mmol) and compound
iii-7¢ (568 mg, 1.10 mmol) were used to synthesize the target
compound I1I-7 in the same way as described above.

Yielded amount: 556.6 mg, (53%)

'H-NMR (D,0) §: 7.31 (1H, dd, J=7.78, 1.53 Hz), 7.07
(1H, dd, I=7.78, 1.53 Hz), 6.98 (1H, s), 6.83 (1H, t, J=7.78
Hz), 5.89 (1H, d, J=4.96 Hz), 538 (1H, d, J=4.96 Hz), 4.31
(1H, t, J=7.32 Hz), 4.11-3.94 (4H, m), 3.51 (1H, d, ]=17.23
Hz), 3.11 (3H, br s), 2.83-2.72 (2H, m), 2.61-2.41 (5H, m),
2.19 (1H, brs), 2.13 (1H, br s), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C32H36N7010S2Na (H20)5.7

Caled.: C, 44.25; H, 5.50; N, 11.29; S, 7.38; Na, 2.65(%).

Found.: C, 44.28; H, 5.52; N, 11.28; S, 7.18; Na, 2.52(%).
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Example 141
Synthesis of Compound (I1I-8)
[Formula 187]
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Step (1): Compound iii-8a+Compound iii-8b—Compound
(111-8)

Compound iii-8a (1.26 g, 1.00 mmol) and compound iii-
8b(568 mg, 1.10 mmol) were used to synthesize the target
compound I1I-8 in the same way as described above.

Yielded amount: 453.7 mg, (42%)

'H-NMR (D,0) &: 7.30 (1H, d, J=8.06 Hz), 7.09 (1H, 4,
J=8.06 Hz),7.01 (1H, s), 6.88 (1H, t, ]=8.06 Hz), 5.83 (1H, d,
J=4.80Hz), 5.34 (1H, d, J=4.80 Hz), 4.99-4.95 (1H, m), 4.62
(1H, d, I=15.56 Hz), 430 (1H, t, I=7.09 Hz), 4.11 (1H, d,
J=14.03 Hz), 4.04 (1H, brs), 3.95-3.90 (2H, m), 3.50 (1H, d,

OBn OBn

HO

OBn OBn

iii-9a iii-9b

J=16.78 Hz), 3.11 (3H, br s), 2.80-2.72 (4H, m), 2.61-2.39
(4H, m), 2.20 (1H, brs), 2.14 (1H, brs).
Elem. Anal. C32H33.4N7012S2Nal.6(H20)6.7
Caled.: C, 41.34; H, 5.07; N, 10.55; S, 6.90; Na, 3.96(%).
Found.: C, 41.36; H, 5.00; N, 10.41; S, 6.77; Na, 3.95(%).

Example 142

Synthesis of Compound (I1I-9)

[Formula 188]
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Step (1): Compound iii-9a—Compound iii-9b

Compound iii-9a (1.41 g, 4.32 mmol) synthesized with
reference to a method described in J. Med. Chem., 1993, 24,
3947-3955 was dissolved in tetrahydrofuran (50 mL) and
thereto were then added a 1.67 M BuLi solution 3.10 ml, 5.18
mmol) in hexane at —78° C., and the resultant solution was
stirred at =78° C. for 1 hour. At -78° C., a piece of dry ice was
added to the reaction liquid, and the liquid was stirred at room
temperature for 30 minutes. The reaction liquid was diluted
with diethyl ether, and thereto was added water to separate the
liquid to two phases. The resultant water phase was made into
acidity, and then subjected to extraction with ethyl acetate.
The organic phase was washed with a saturated salt solution,
and dried over magnesium sulfate. Magnesium sulfate was
filtrated off, and then the organic phase was concentrated
under reduced pressure. Thereto was added diisopropyl ether
to precipitate a solid. The solid was collected by filtration, so
as to yield compound iii-9b (840 mg, 53%). The filtrate was
concentrated under reduced pressure to yield compound iii-
9b (160 mg, 10%). Compound iii-9b was used in the next
reaction without being purified.
Step (2): Compound iii-9c+Compound iii-9b—Compound
iii-9d

Compound iii-9¢ (691 mg, 3.24 mmol) and compound
iii-9b (1.00 g, 2.70 mmol) were used to synthesize the target
compound iii-9d in the same way as described above.
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Yielded amount: 803 mg, (60%)

'"H-NMR (DMSO-dy) 8: 8.00 (1H, s), 7.43-7.35 (10H, m),
7.18 (1H, dd, J=10.75, 6.02 Hz), 5.17 (2H, s), 5.11 (2H, s),
3.87 (1H, q, J=5.80 Hz), 2.99 (2H, br s), 2.14 (3H, s), 2.05-
1.86 (6H, m), 1.70 (1H, br s), 1.65 (1H, br s).

Step (3): Compound iii-9e+Compound iii-9d—Compound
111-9)

Compound iii-9¢ (749 mg, 0.800 mmol) and compound
iii-9d (402 mg, 0.816 mmol) were used to synthesize the
target compound I11-9 in the same way as described above.

Yielded amount: 498.8 mg, (52%)

'"H-NMR (D,0) &: 7.02-6.96 (2H, m), 5.89 (1H, d, J=5.04
Hz), 538 (1H, d, J=5.04 Hz), 4.29-3.94 (5H, m), 3.51 (1H, d,
J=16.79 Hz), 3.10 (3H, br s), 2.81-2.69 (2H, m), 2.60-2.40
(5H, my, 2.21 (1H, brs), 2.15 (1H, br s), 1.52 (3H, s), 1.50
(3H, s).

Elem. Anal.: C32H34F2N701082Na (H20)8(NaHCO3)
0.09

Caled.: C, 40.42; H, 5.30; F, 3.99; N, 10.22; S, 6.73; Na,
2.63(%).

Found.: C, 40.36; H, 5.19; F, 3.91; N, 10.41; S, 6.93; Na,
2.63(%).
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Example 143

Synthesis of Compound (I1I-10)
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Step: Compound iii-10a+Compound iii-10b—Compound
(1I1-10)

Compound iii-10a (1.01 g, 0.800 mmol) and compound 45
iii-10b (402 mg, 0.816 mmol) were used to synthesize the
target compound I11-10 in the same way as described above.

Yielded amount: 545.2 mg, (62%)

'H-NMR (D,0) 8: 7.04-6.98 (2H, m), 5.84 (1H, d, ]=4.87
Hz), 535 (1H, d, J=4.87 Hz), 5.01-4.95 (1H, m), 4.62 (1H, d
J=14.94 Hz), 4.26-3.90 (5H, m), 3.50 (1H, d, J=16.62 Hz),
3.10 (3H, br s), 2.80-2.70 (4H, m), 2.61-2.38 (4H, m), 2.21
(1H, brs), 2.15 (1H, brs).

OH
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[Formula 189]
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Elem. Anal.:
(NaHC03)0.13

Caled.: C, 36.87; H, 4.94; F, 3.63; N, 9.37; S, 6.13; Na,
4.68(%).

Found.: C, 36.75; H, 4.73; F, 3.36; N, 9.79; S, 6.56; Na,
4.69(%).

C32H31F2N7012S2Na2(H20)10.1

Example 144
Synthesis of Compound (I111-11)
[Formula 191]
(€] OPMB
OPMB
—» MeO —_—
Cl Cl

iii-11c



US 9,145,425 B2

-continued
NH,
OPMB
0 OPMB Hel
X HCl i
OPMB N
HO iii-1le OPMB
N 0 OPMB
Cl ~
Gil1d Gii-11f
S
L1 I
H
N\ N S
/ N
Boc |
111~
N\O N / Cl + ii-11F —»
o
CO,BH
CO,t-Bu
iii-11g
/<S o PMBO OPMB
| al o)
N\ N S
/ N cl
Boce | n,
N N~ N NH —
0 4
-
CO,BH
CO,t-Bu
-1
HO OH
cl

S
L1
H
LN \N X, S Q
|
N N~ N NH
o J
Coy

><COZ_N3.Jr

III-11

Step (1): Compound iii-11a—Compound iii-11b

Boron tribromide (25.0 g, 100 mmol) was added to a solu-
tion of compound iii-11a (3.68 g, 17.0 mmol, synthesized
with reference to a method described inJ. Chem. Soc. Perkin
trans. 1,1995,1265-1271) in dichloromathane (60 mL) while
cooled with ice. The resultant solution was stirred at room
temperature for 2 hours. Thereto was added methanol (40
ml.) while cooled at —-78° C. The resultant was stirred at room
temperature for 1 day, and then heated at refluxed for 3 hours.
The reaction liquid was diluted with ethyl acetate, washed
with a saturated salt solution, and dried over magnesium
sulfate. Magnesium sulfate was filtrated off, and then the
liquid was concentrated under reduced pressure to yield com-
pound iii-11b (4.07 g, 118%). Compound iii-11b was used in
the next reaction without being purified.
Step (2): Compound iii-11b—=Compound iii-11c

The total amount of compound iii-11b was dissolved into
N,N-dimethylformamide (40 mL), and thereto were then
added potassium carbonate (7.04 g, 51.0 mmol), p-methoxy-
benzyl chloride (5.55 ml, 40.8 mmol) and sodium iodide
(2.55 g, 17.0 mmol) in turn. The liquid was stirred at 70° C.
for 2 hours. The reaction liquid was diluted with ethyl acetate,
and the organic phase was washed with water and a saturated
salt solution, and dried over magnesium sulfate. Magnesium
sulfate was filtrated off. The organic phase was then concen-
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trated under reduced pressure. The compound-containing lig-
uid was subjected to silica gel column chromatography to
elute out the desired compound with hexane/ethyl acetate.
The desired-compound-containing fraction was concentrated
under reduced pressure to yield compound iii-11c (0.72 g,
9.6%).

'"H-NMR (CDCl,) &: 7.34 (2H, d, ]=8.73 Hz), 7.25 (2H, d,
J=8.73 Hz), 7.05 (1H, d, I=8.90 Hz), 6.90-6.96 (3H, m), 6.83
(2H, d, J=8.73 Hz), 5.04 (2H, s), 4.99 (2H, s), 3.85 (3H, s),
3.83 (3H, s), 3.80 (3H, s).

Step (3): Compound iii-11c—Compound iii-11d

An 8 mol/l, aqueous sodium hydroxide solution (406 pl,
3.25 mmol) was added to a solution of compound iii-11c
(0.72 g, 1.63 mmol) in tetrahydrofuran (3 mL) and methanol
(2 mL). The resultant solution was stirred at 70° C. for 5
hours. To the reaction liquid was added a 2 mol/L, aqueous
hydrochloric acid solution (4 mL.), and the solution was con-
centrated under reduced pressure. The precipitated solid was
then collected by filtration, and washed with water and diiso-
propyl ether to yield compound iii-11d (442 mg, 63%).

'"H-NMR (DMSO-dy) 8: 7.43 (2H, d, J=8.39 Hz), 7.26-
7.18 (4H, m), 6.97 (2H, d, J=8.39 Hz), 6.86 (2H, d, J=8.39
Hz), 5.13 (2H, s), 4.90 (2H, s), 3.77 (3H, 5), 3.75 (3H, 5)
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Step (4): Compound iii-11e+Compound iii-11d—Compound
iii-11f

Compound iii-11e (262 mg, 1.23 mmol) and compound
iii-11d (410 mg, 1.03 mmol) were used to synthesize the
target compound in the same way as described above.

Yielded amount: 600 mg, (106%)

'H-NMR (DMSO-dy) 8: 8.14 (1H, d, ]=5.04 Hz), 7.42 (2H,
d, J=8.73 Hz), 7.22-7.13 (4H, m), 6.97 (2H, d, J=8.56 Hz),
6.85 (2H, d, J=8.73 Hz), 5.11 (2H, 5), 4.87 (2H, 5), 3.86 (1H,
q,1=6.13Hz),3.77 (3H, 5), 3.74 (3H, 5), 2.90 (2H, br s), 2.11
(3H, s), 2.04-1.72 (6H, m), 1.66 (14, br s), 1.61 (14, br s).
Step (5): Compound iii-11g+Compound iii-11f—Compound
(III-11)

Compound iii-11g (398 mg, 0.500 mmol) and compound
iii-11f (276 mg, 0.500 mmol) were used to synthesize the
target compound I1I-11 in the some way as described above.
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Yielded amount: 180.6 mg, (35%)

'H-NMR (D,0) 8: 6.99 (1H, s), 6.92 (1H, d, J=8.56 Hz),
6.86 (1H, d,J=8.56 Hz), 5.89 (1H, d, J=5.04 Hz), 5.38 (1H, d,
J=5.04 Hz),4.63 (1H, d, J=12.59 Hz), 4.29 (14, t,J=7.47 Hz),
4.09-3.94 (4H, m), 3.50 (1H, d, J=16.62 Hz), 3.11 (3H, s),
2.73-2.83 (2H, m), 2.50-2.36 (4H, m), 2.23 (1H, brs), 2.18
(14, brs), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C32H35CIN7010S2Na (H20)8.3

Calcd.: C, 40.47; H, 5.48; Cl, 3.73; N, 10.32; S, 6.75; Na,
2.42(%).

Found.: C, 40.66; H, 5.50; CI, 4.19; N, 9.97; S, 6.07; Na,
2.09(%).

Example 145

Synthesis of Compound (111-12)

[Formula 192]
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Step (1): Compound iii-12a+Compound iii- 1 2b—Compound
(II1-12)

Compound iii-12a (631 mg, 0.500 mmol) and compound
iii-12b (276 mg, 0.500 mmol) were used to synthesize the
target compound I11-12 in the same way as described above.

Yielded amount: 302 mg, (55%)

'H-NMR (D,0) &: 7.02 (1H, s), 6.94 (1H, d, 1=8.73 Hz),
6.90(1H, d, J=8.73 Hz), 5.84 (1H, d, J=4.87 Hz), 5.34 (1H, d,
J=4.87Hz),4.99-4.91 (1H, m), 4.61 (1H, d, J=14.44 Hz),4.29
(1H,t,J=7.89 Hz), 4.10 (1H, d, J=14.27 Hz), 4.03 (1H, br s),
3.95-3.89 (2H, m), 3.50 (1H, d, I=16.79 Hz), 3.10 (3H, br s),
2.82-2.69 (4H, m), 2.54-2.35 (4H, m), 2.23 (1H, br s), 2.18
(1H, br s).

408
Elem. Anal.: C32H32.1CIN701282Nal.9(H20)10.8
Calcd.: C, 36.79; H, 5.18; C1, 3.39; N, 9.39; S, 6.14; Na,
4.18(%).
5 Found.: C, 36.69; H, 4.98; Cl, 3.54; N, 9.42; S, 6.12; Na,
4.11(%)

10 Example 146

Synthesis of Compound (I111-13)

[Formula 192]
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—_— —_— —_—
OMe OMe OH
iii-13a iii-13b iii-13¢
0 CFs 0 CF3
OPMB OPMB
McO HO
—_—
OPMB OPMB
iii-13d iii-13¢
OPMB
H
NH, N
OPMB
Eg +il-13e —=
N N 0 CF
~ ~ }
iii-13f ii-13¢
S
/< 0 0
HN-N\ | B g
N
Boc | + i3y —=
N\o N A Cl
>
CO,t-Bu CO,BH
iii-13h
s o FiC OPMB
HN/<\ | g S .
N
Boc | 2, OPMB
- —_—
N\O N A N<j>—NH
o
-
COt-Bu
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Step (1): Compound iii-13a—Compound iii-13b

Amide sulfuric acid (8.53 g, 88 mmol) and water (60 mL)
were added to a solution of compound iii-13a (5.88 g, 25.1
mmol, synthesized with reference to a method described in J.
Med. Chem., 1992, 35, 466-479) in methanol (80 mL). The
resultant solution was stirred while cooled with ice. To the
solution was added sodium chlorite (7.95 g, 88 mmol). While
cooled with ice, the solution was stirred for 2 hour, and then
thereto was dropwise added a solution of sodium hydrogen-
sulfite (13.06 g, 126 mural) in water (100 mL). The precipi-
tated solid was then collected by filtration, and washed with
water to yield compound iii-13b (5.33 g, 85%).

'H-NMR (DMSO-d) 8: 7.38 (1H, d, ]=8.56 Hz), 7.30 (1H,
d; 1=8.56 Hz), 3.90 (3H, s), 3.82 (3H, s).

Step (2): Compound iii-13b—Compound iii-13¢

Compound iii-13b (5.00 g, 20.0 mmol) was used to syn-
thesize the target compound iii-13c in the same way as
described above.

Yielded amount: 5.71 g, (121%)

Step (3): Compound iii-13¢—Compound iii-13d

The total amount of compound iii-13¢ was used to synthe-
size the target compound iii-13d in the same way as described
above.

Yielded amount: 8.03 g, (84%)

'H-NMR (CDCl,) 8: 7.36 (2H, d, 1=8.56 Hz), 7.27 (2H, d,
J=8.56 Hz), 7.23 (11H, d, J=8.56 Hz), 7.15 (1H, d, J=8.56
Hz), 6.93 (24, d, J=8.56 Hz), 6.82 (2H, d, J=8.56 Hz), 5.10
(2H, s), 4.98 (2H, 5), 3.88 (3H, s), 3.84 (3H, s), 3.80 (3H, s).
Step (4): Compound iii-13d—Compound iii-13e

Compound iii-13d (8.00 g, 16.8 mmol) was used to syn-
thesize the target compound iii-13e in the same way as
described above.

Yielded amount: 7.35 g, (95%)

'H-NMR (DMSO-d) 8: 7.53 (1H, d, I=8.56 Hz), 7.47 (2H,
d, J=8.39 Hz), 7.31 (1H, d, J=8.56 Hz), 7.21 (2H, d, J=8.39
Hz), 6.99 (24, d, J=8.39 Hz), 6.85 (2H, d, J=8.39 Hz), 5.20
(2H, s), 4.94 (2H, s), 3.78 (3H, s); 3.74 (3H, s).

HBO,C CO,BH

iii-14a
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Step (5): Compound iii-13f+Compound iii-13e—Compound
iii-13g

Compound iii-13f (1.28 g, 6.00 mmol) and compound
iii-13e (2.31 g, 5.00 mmol) were used to synthesize the target
compound in the same way as described above. Thereto was
added diisopropyl ether to precipitate a solid. The solid was
collected by filtration, so as to yield compound iii-13g (2.73
g, 93%).

'"H-NMR (DMSO-d,) 8:8.15(1H, d, J=4.58 Hz), 7.50 (1H,
d, J=8.46 Hz), 7.45 (2H, d, J=8.69 Hz), 7.24 (2H, d, J=8.69
Hz), 7.05 (1H, d, J=8.46 Hz), 6.98 (2H, d, J=8.69 Hz), 6.87
(2H, d, J=8.69 Hz), 5.20 (2H, s), 4.92 (2H, s), 3.81 (1H, q,
J=6.33 Hz), 3.77 (3H, s), 3.75 (3H, s), 3.07 (2H, br 5), 2.20
(3H, s), 2.00-2.09 (2H, m), 1.91 (4H, brs), 1.71 (1H, br, 1.66
(1H, brs).

Step (6): Compound
13g—=Compound (I1I-13)

Compound iii-13h (796 mg, 1.000 mmol) and compound
iii-13g (643 mg, 1.100 mmol) were used to synthesize the
target compound I11-13 in the same way as described above.

Yielded amount: 243.5 mg, (23%)

'"H-NMR (D,0) &: 7.06 (1H, d, J=8.39 Hz), 6.98 (1H, s),
6.78 (1H, d,J=8.39 Hz), 5.89 (1H, d, J=4.88 Hz), 5.37 (1H, d,
J=4.88 Hz),4.62 (1H, d,J=13.88 Hz), 4.21 (1H, t,J=7.89 Hz),
4.09-3.93 (4H, m), 3.50 (1H, d, J=16.62 Hz), 3.10 (3H, br s),
2.82-2.71 (2H, m), 2.54-2.35 (4H, m), 2.17 (1H, br s), 2.11
(1H, brs), 1.52 (3H, s), 1.50 (3H, s).

Elem. Anal.: C33H35F3N7010S2Na (H20)7.6

Caled.: C, 40.83; H, 5.21; F, 5.87; N, 10.10; S, 6.61; Na,
2.37(%).

Found.: C, 40.92; H, 5.15; F, 5.37; N, 10.08; S, 6.50; Na,
2.41(%).

iii-13h+Compound iii-

Example 147

Synthesis of Compound (111-14)

[Formula 193]
OPMB

psas

—_—

OPMB

CF;3

iii-14b
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CO,BH

HBO,C CO,BH

iii-14¢

*Na OZC C02 Na*

1II-14

Step: Compound iii-14a+Compound iii-14b—Compound 2
(111-14)

Compound iii-14a (1.26 g, 1.00 mmol) and compound
iii-14b (643 mg, 1.100 mmol) were used to synthesize the
target compound I11-14 in the same way as described above.

Yielded amount: 312 mg, (27%)

'H-NMR (D,0) &: 7.09 (1H, d, ]=7.85 Hz), 7.01 (1H, s),
6.84 (1H, d, J=7.85 Hz), 5.84 (1H, d, ]I=4.42 Hz), 5.34 (1H, d,
J=4.42Hz),4.99-4.93 (1H, m),4.61 (1H, d, J=15.56 Hz), 4.22
(1H,t,J=8.31 Hz), 4.10 (1H, d, J=13.27 Hz), 4.03 (1H, br s),
3.96-3.89 (2H, m), 3.49 (1H, d, I=18.30 Hz), 3.10 (3H, br s),
2.81-2.70 (4H, m), 2.56-2.23 (4H, m), 2.17 (1H, br s), 2.11
(1H, br s).

30

35

S o) o
H
BocHN—<\ | N Q
Y );f
N N I
N 7
0
= OBH ¢ OBH
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CONH; O
iii-15a
— g o
H
BocHN—<\ | g q
T
N N
\O s 7
" OBH ¢ OBH
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- °
N
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| >—©—OPMB
,
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OPMB

Elem. Anal.: C33H32.4F3N7012S82Nal.6(H20)7.9

Caled.: C, 38.89; H, 4.77; F, 5.59; N, 9.62; S, 6.29; Na,
3.61(%).

Found.: C, 38.92; H, 4.68; F, 5.61; N, 9.52; S, 6.16; Na,
3.62(%).

Example 148
Synthesis of Compound (I111-15)

[Formula 194]

Cl
//\ OPMB
OPMB
iii-15b
o) Cl
OPMB
K\ N
N'"“\ iy,
® OPMB

I
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Step (1): Compound iii-15a—Compound iii-15¢

To a solution of Compound iii-15a (32.99 g, 30.3 mmol) in
N,N-dimethylacetoamide (99ml.) was added sodium iodide
(9.07 g, 60.7 mmol), and the reaction mixture was stirred for
at room temperature 5 minutes. The reaction solution was
cooled at 0° C., and then compound iii-15b (15.8 g, 30.3
mmol) was added dropwise thereto for an hour, and sodium
hydrogen carbonate (10.2 g, 121 mmol) was added thereto
and the reaction mixture was stirred for an hourat 15° C. After
the reaction was completed, to the reaction mixture was
added N,N-dimethylformamide (200 ml.) and the mixture
was cooled at —40° C., and added phosphorus tribromide
(5.71 ml, 60.5 mmol) and stirred for an hour. The reaction
solution was added pre-cooled 5% sodium hydrogen sulfite
aqueous solution (3 L) and then filtered, washed with water,
and air-dried.

Step (2): Compound iii-15¢—=Compound (I11-15)

To a solution of compound iii-15¢ (1.95 g, 1 mmol) in
methylene chloride (10 mL) was added anisole (1.0 mL, 10
mmol) and the mixture was cooled at —40'C. To the reaction
mixture was added 2 mol/L aluminum chloride in
nitromethane (5 mL) and stirred for 50 minutes at 0° C. To the
reaction solution was added 2 mol/L. hydrochloride acid solu-

o) Cl
S
)
4 ‘N+,..\\lm,......
/ W Q 0
_ o o
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tion (60mL), acetonitrile (50mL), and diethyl ether (100 mL)).
The aqueous layer was washed with diethyl ether, and con-
centrated under reduced pressure, and then the residue was
purified by HP20SS column chromatography and eluted with
acetonitrile-water. The intended fractions were collected, and

0.2 mol/L solution of sodium hydroxide was added thereto
to adjust them to pH=06, and thereby a sodium salt thereof was
formed. Concentrating in vacuo and subsequent lyophiliza-
tion yielded Compound I1I-15 as a white amorphous powder.

Yield: 57.8 mg, (7.4%)

'H-NMR (D,0) &: 2.20-4.80 (15.5H, m), 5.33-5.37 (1H,
m), 5.45-5.60 (0.5H, m), 5.85-5.88 (1H, m), 6.75-6.76 (1H,
m), 6.90-6.93 (1H, m), 7.07 (1H, s)

Elemental analysis: C30H29NSCIN8O10S2Na (H20)5.8
(NaHCO03)0.2

Calculated value: C, 40.06; H, 4.54; C1,3.92; N, 12.38; S,
7.08; Na, 3.05(%).

Experimental value: C,39.95; H, 4.27; Cl, 4.20; N, 12.41;
S, 7.00; Na, 3.28(%).

Example 149

Synthesis of Compound (I111-16)

[Formula 195]

II1-16 crude
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A mixture at the ratio of nine to one, containing Compound
11116 as a minor component, was purified by reversed-phase
HPLC and lyophilized to obtain Compound I1I-16 (9 mg).

'H-NMR (D,0) §: 1.51 (3H, s), 1.53 (3H, s), 2.18-2.48
(8H,m), 2.96 (1H, s),3.51 (1H, d,J=16.5 Hz), 3.86-4.02 (3H,
m),4.25(1H, m),4.47 (1H, d, J=14.1 Hz),4.57 (1H, d, J=14.1
Hz), 5.35 (1H, d, J=4.5Hz), 5.89 (1H, d, =4.5Hz), 6.69 (1H,
d, J=8.4 Hz), 6.73 (1H, d, J=8.4 Hz), 6.99 (1H, s).

The present invention include the compounds of the for-
mula (I-A), (I-B), and (I-C) having the combination of K,
-E-D- and Cy selected from K1 to K29, ED1 to ED92, and
Cy1 to Cy3 as shoo in the following Table 1 to Table 9.

[Formula 196]

S
O
HzN _<\ |
N

I-A)

H
N, S
N
~o N~ E\D _Cy
[ o
K oo
(I-B)
S~x 0
LN -
\ | { .
!
~o N~ B Oy
D
| O
K Coo-
(I-C)
s cl
0
HoN—% |
2. \ %
N S
!
~o N~ B Oy
D
[ o
K oo

15

20

25

30

35

45

50

55

60

65

o OH
| T
H
N, S N
| OH
N N A Ny o al
o d
ONat ¢ o

TABLE 1
K 1
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COOH
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H;C
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H COOH
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”lm,,,
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HOOCHC,,
H COOH
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H I,
HOOCH,C COOH
K9
H,NOCH,C,,,
H COOH
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HOH,C,,,
H COOH
K11

-~ COOH
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(K, ED, Cy)=(K1, ED1, Cy1), (K1, EDI, Cy2), (K1, ED1,
N Cy3), (K1,ED2, Cy1), (K1, ED2, Cy2), (K1,ED2, Cy3), (K1,
M ED3, Cyl), (K1, ED3, Cy2), (K1, ED3, Cy3), (K1, ED4,
4s CyD.(K1,ED4,Cy2), (K1, ED4,Cy3), (KL, EDS, Cyl), (KL,
EDS, Cy2), (K1, ED5, Cy3), (K1, ED6, Cy1), (K1, EDS,

7z | Cy2), (K1,ED6, Cy3), (K1,ED7, Cyl), (K1,ED7, Cy2), (K1,
N ED7, Cy3), (K1, EDS8, Cyl), (K1, EDS8, Cy2), (K1, EDS,
Cy3),(K1,ED9, Cyl), (K1,ED9, Cy2), (K1,ED9, Cy3), (K1,

so EDI10, Cyl), (K1, ED10, Cy2), (K1,ED10, Cy3), (K1,ED11,

Cyl), (K1, ED11, Cy2), (K1, ED11, Cy3), (K1, ED12, Cyl),

N (K1, ED12, Cy2), (K1, ED12, Cy3), (K1, ED13, Cyl), (K1,
% ED13, Cy2). (K1, ED13, Cy3), (K1,ED14,Cy1), (K1,ED14,
Cy2), (K1, ED14, Cy3), (K1, ED15, Cyl), (K1, ED15, Cy2),

ss (K1, ED15, Cy3), (K1, EDI16, Cyl), (K1, ED16, Cy2), (K1,
ED16, Cy3), (K1,ED17, Cy1), (K1,ED17,Cy2), (K1,ED17,
TABLE 8 Cy3), (K1, ED18, Cy1), (K1, ED18, Cy2), (K1, ED18, Cy3),

ED91

(K1, ED19, Cyl), (K1, ED19, Cy2), (K1, ED19, Cy3), (K1,

7 ED20, Cy1), (K1, ED20, Cy2), (K1, ED20, Cy3), (K1, ED21,
| 60 Cyl), (K1, ED21, Cy2), (K1, ED21, Cy3), (K1, ED22, Cy1),
Na (K1, ED22, Cy2), (K1, ED22, Cy3), (K1, ED23, Cyl), (K1,
TH ED23, Cy2). (K1, ED23, Cy3), (K1,ED24, Cy1), (K1, ED24,
N?‘_‘_ﬁ

Cy2), (K1, ED24, Cy3), (K1, ED25, Cyl), (K1, ED25, Cy2),
(K1, ED25, Cy3), (K1, ED26, Cyl), (K1, ED24, Cy2), (K1,
6s ED26,Cy3), (K1, ED27, Cyl), (K1,ED27,Cy2), (K1,ED27,
Cy3), (K1, ED28, Cy1), (K1, ED28, Cy2), (K1, ED28, Cy3),
(K1, ED29, Cyl), (K1, ED29, Cy2), (K1, ED29, Cy3), (K1,



US 9,145,425 B2

431

ED30, Cy1), (K1, ED30, Cy2), (K1, ED30, Cy3), (K1, ED31,
Cyl), (K1, ED31, Cy2), (K1, ED31, Cy3), (K1, ED32, Cy1),
(K1, ED32, Cy2), (K1, ED32, Cy3), (K1, ED33, Cyl), (K1,
ED33,Cy2). (K1,ED33, Cy3), (K1,ED34, Cy1), (K1, ED34,
Cy2), (K1, ED34, Cy3), (K1, ED35, Cyl), (K1, ED35, Cy2),
(K1, ED35, Cy3), (K1, ED36, Cyl), (K1, ED36, Cy2), (K1,
ED36, Cy3), (K1,ED37,Cy1), (K1,ED37,Cy2), (K1, ED37,
Cy3), (K1, ED38, Cy1), (K1, ED38, Cy2), (K1, ED38, Cy3),
(K1, ED39, Cyl), (K1, ED39, Cy2), (K1, ED39, Cy3), (K1,
ED40, Cy1), (K1, ED40, Cy2), (K1, ED40, Cy3), (K1, ED41,
Cyl), (K1, ED41, Cy2), (K1, ED41, Cy3), (K1, ED42, Cy1),
(K1, ED42, Cy2), (K1, ED42, Cy3), (K1, ED43, Cy1), (K1,
ED43, Cy2), (K1, ED43, Cy3), (K1,ED44, Cy1), (K1, ED44,
Cy2), (K1, ED44, Cy3), (K1, ED45, Cyl), (K1, ED45, Cy2),
(K1, ED45, Cy3), (K1, ED46, Cy1), (K1, ED46, Cy2), (K1,
ED46, Cy3), (K1,ED47, Cy1), (K1,ED47, Cy2), (K1, ED47,
Cy3), (K1, ED48, Cy1), (K1, ED48, Cy2), (K1, ED48, Cy3),
(K1, ED49, Cy1), (K1, ED49, Cy2), (K1, ED49, Cy3), (K1,
ED50, Cy1), (K1, ED50, Cy2), (K1, ED50, Cy3), (K1, ED51,
Cyl), (K1, ED51, Cy2), (K1, ED51, Cy3), (K1, ED52, Cy1),
(K1, ED52, Cy2), (K1, ED52, Cy3), (K1, ED53, Cyl), (K1,
ED53, Cy2), (K1,ED53, Cy3), (K1, ED54, Cy1), (K1, ED54,
Cy2), (K1, ED54, Cy3), (K1, ED55, Cyl), (K1, ED55, Cy2),
(K1, ED55, Cy3), (K1, ED56, Cyl), (K1, ED56, Cy2), (K1,
ED56, Cy3), (K1,ED57, Cy1), (K1,ED57,Cy2), (K1, ED57,
Cy3), (K1, ED58, Cy1), (K1, ED58, Cy2), (K1, ED58, Cy3),
(K1, ED59, Cy1), (K1, ED59, Cy2), (K1, ED59, Cy3), (K1,
ED60, Cy1), (K1, ED60, Cy2), (K1, ED60, Cy3), (K1, ED61,
Cyl), (K1, ED61, Cy2), (K1, ED61, Cy3), (K1, ED62, Cy1),
(K1, ED62, Cy2), (K1, ED62, Cy3), (K1, ED63, Cyl), (K1,
ED63, Cy2), (K1, ED63, Cy3), (K1, ED64, Cy1), (K1, ED64,
Cy2), (K1, ED64, Cy3), (K1, ED65, Cyl), (K1, ED65, Cy2),
(K1, ED65, Cy3), (K1, ED66, Cyl), (K1, ED66, Cy2), (K1,
ED66, Cy3), (K1, ED67, Cy1), (K1,ED67, Cy2), (K1, ED67,
Cy3), (K1, ED68, Cy1), (K1, ED68, Cy2), (K1, ED68, Cy3),
(K1, ED69, Cy1), (K1, ED69, Cy2), (K1, ED69, Cy3), (K1,
ED70, Cy1), (K1, ED70, Cy2), (K1, ED70, Cy3), (K1, ED71,
Cyl), (K1, ED71, Cy2), (K1, ED71, Cy3), (K1, ED72, Cy1),
(K1, ED72, Cy2), (K1, ED72, Cy3), (K1, ED73, Cyl), (K1,
ED73,Cy2). (K1,ED73,Cy3), (K1,ED74,Cyl), (K1, ED74,
Cy2), (K1, ED74, Cy3), (K1, ED75, Cyl), (K1, ED75, Cy2),
(K1, ED75, Cy3), (K1, ED76, Cyl), (K1, ED76, Cy2), (K1,
ED76,Cy3). (K1,ED77,Cyl), (K1,ED77,Cy2), (K1, ED77,
Cy3), (K1, ED78, Cy1), (K1, ED78, Cy2), (K1, ED78, Cy3),
(K1, ED79, Cyl), (K1, ED79, Cy2), (K1, ED79, Cy3), (K1,
EDR0, Cy1), (K1, ED80, Cy2), (K1, ED80, Cy3), (K1, ED81,
Cyl), (K1, ED81, Cy2), (K1, ED81, Cy3), (K1, ED82, Cy1),
(K1, ED82, Cy2), (K1, ED82, Cy3), (K1, ED83, Cyl), (K1,
ED83, Cy2), (K1, ED83, Cy3), (K1,ED84, Cy1), (K1, ED84,
Cy2), (K1, ED84, Cy3), (K1, ED85, Cyl), (K1, ED85, Cy2),
(K1, ED85, Cy3), (K1, ED86, Cyl), (K1, ED86, Cy2), (K1,
EDS6, Cy3), (K1, ED87, Cy1), (K1,ED87,Cy2), (K1, ED87,
Cy3), (K1, EDS88, Cy1), (K1, ED88, Cy2), (K1, ED88, Cy3),
(K1, EDS9, Cy1), (K1, ED89, Cy2), (K1, ED89, Cy3), (K1,
ED90, Cy1), (K1, ED90, Cy2), (K1, ED90, Cy3), (K1, EDO91,
Cyl), (K1, ED91, Cy2), (K1, ED91, Cy3), (K1, ED92, Cy1),
(K1, ED92, Cy2), (K1, ED92, Cy3),

(K2, ED1, Cyl), (K2, ED1, Cy2), (K2, ED1, Cy3), (K2.
ED2, Cyl), (K2, ED2, Cy2), (K2, ED2, Cy3), (K2, ED3,
Cyl), (K2,ED3, Cy2), (K2, ED3, Cy3), (K2, ED4, Cy1), (K2,
ED4, Cy2), (K2, ED4, Cy3), (K2, EDS, Cyl), (K2, ED5,
Cy2), (K2, ED5, Cy3), (K2, ED6, Cy1), (K2, ED6, Cy2), (K2,
ED6, Cy3), (K2, ED7, Cyl), (K2, ED7, Cy2), (K2. ED7,
Cy3), (K2, EDS, Cyl), (K2, EDS, Cy2), (K2, ED8, Cy3), (K2,
ED9, Cyl), (K2, ED9, Cy2), (K2, ED9, Cy3), (K2, ED10,
Cyl), (K2, ED10, Cy2), (K2, ED10, Cy3), (K2, ED11, Cy1),
(K2, ED11, Cy2), (K2, ED11, Cy3), (K2, ED12, Cyl), (K2,
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ED12, Cy2), (K2, ED12, Cy3), (K2, ED13,Cy1), (K2, ED13,
Cy2), (K2, ED13, Cy3), (K2, ED14, Cyl), (K2, ED14, Cy2),
(K2, ED14, Cy3), (K2, ED15, Cy1), (K2, EDIS, Cy2), (K2,
ED15, Cy3). (K2, ED16, Cy1), (K2, ED16,Cy2), (K2, ED16,
Cy3), (K2, ED17, Cy1), (K2, ED17, Cy2), (K2, ED17, Cy3),
(K2, ED18, Cyl), (K2, EDI18, Cy2), (K2, ED18, Cy3), (K2,
ED19, Cy1), (K2, ED19, Cy2), (K2, ED19, Cy3), (K2, ED20,
Cyl), (K2, ED20, Cy2), (K2, ED20, Cy3), (K2, ED21, Cy1),
(K2, ED21, Cy2), (K2, ED21, Cy3), (K2, ED22, Cyl), (K2,
ED22, Cy2), (K2, ED22, Cy3), (K2, ED23, Cy1), (K2, ED23,
Cy2), (K2, ED23, Cy3), (K2, ED24, Cy1), (K2, ED24, Cy2),
(K2, ED24, Cy3), (K2, ED25, Cy1), (K2, ED25, Cy2), (K2,
ED25, Cy3), (K2, ED26, Cy1), (K2, ED25, Cy2), (K2, ED26,
Cy3), (K2, ED27, Cy1), (K2, ED27, Cy2), (K2, ED27, Cy3),
(K2, ED28, Cyl), (K2, ED28, Cy2), (K2, ED28, Cy3), (K2,
ED29, Cy1), (K2, ED29, Cy2), (K2, ED29, Cy3), (K2, ED30,
Cyl), (K2, ED30, Cy2), (K2, ED30, Cy3), (K2, ED31, Cy1),
(K2, ED31, Cy2), (K2, ED31, Cy3), (K2, ED32, Cyl), (K2,
ED32, Cy2), (K2, ED32, Cy3), (K2, ED33, Cy1), (K2, ED33,
Cy2), (K2, ED33, Cy3), (K2, ED34, Cyl), (K2, ED34, Cy2),
(K2, ED34, Cy3), (K2, ED35, Cyl), (K2, ED35, Cy2), (K2,
ED35, Cy3), (K2, ED36, Cy1), (K2, ED36, Cy2), (K2, ED36,
Cy3), (K2, ED37, Cy1), (K2, ED37, Cy2), (K2, ED37, Cy3),
(K2, ED38, Cyl), (K2, ED38, Cy2). (K2, ED38, Cy3), (K2,
ED39, Cy1), (K2, ED39, Cy2), (K2, ED39, Cy3), (K2, ED40,
Cyl), (K2, ED40, Cy2), (K2, ED40, Cy3), (K2, ED41, Cy1),
(K2, ED41, Cy2), (K2, ED41, Cy3), (K2, ED42, Cy1), (K2,
ED42, Cy2), (K2, ED42, Cy3), (K2, ED43, Cy1), (K2, ED43,
Cy2), (K2, ED43, Cy3), (K2, ED44, Cy1), (K2, ED44, Cy2),
(K2, ED44, Cy3), (K2, ED45, Cy1), (K2, ED45, Cy2), (K2,
ED45, Cy3), (K2, ED46, Cy1), (K2, ED46, Cy2), (K2, ED46,
Cy3), (K2, ED47, Cy1), (K2, ED47, Cy2), (K2, ED47, Cy3),
(K2, ED48, Cyl), (K2, ED48, Cy2), (K2, ED48, Cy3), (K2,
ED49, Cy1), (K2, ED49, Cy2), (K2, ED49, Cy3), (K2, ED50,
Cyl), (K2, ED50, Cy2), (K2, ED50, Cy3), (K2, ED51, Cy1),
(K2, ED51, Cy2), (K2, ED51, Cy3), (K2, ED52, Cyl), (K2,
ED52, Cy2), (K2, ED52, Cy3), (K2, ED53, Cy1), (K2, ED53,
Cy2), (K2, ED53, Cy3), (K2, ED54, Cyl), (K2, ED54, Cy2),
(K2, ED54, Cy3), (K2, EDS55, Cyl), (K2, ED55, Cy2), (K2,
ED55, Cy3), (K2, ED56, Cy1), (K2, ED56, Cy2), (K2, ED36,
Cy3), (K2, ED57, Cy1), (K2, ED57, Cy2), (K2, ED57, Cy3),
(K2, ED58, Cyl), (K2, ED58, Cy2). (K2, ED58, Cy3), (K2,
ED59, Cy1), (K2, ED59, Cy2), (K2, ED59, Cy3), (K2, ED60,
Cyl), (K2, ED60, Cy2), (K2, ED60, Cy3), (K2, ED61, Cy1),
(K2, ED61, Cy2), (K2, ED61, Cy3), (K2, ED62, Cyl), (K2,
ED62, Cy2), (K2, ED62, Cy3), (K2, ED63, Cy1), (K2, ED63,
Cy2), (K2, ED63, Cy3), (K2, ED64, Cyl), (K2, ED64, Cy2),
(K2, ED64, Cy3), (K2, ED65, Cy1), (K2, ED65, Cy2), (K2,
ED65, Cy3). (K2, ED66, Cy1), (K2, ED66, Cy2), (K2, ED66,
Cy3), (K2, ED67, Cy1), (K2, ED67, Cy2), (K2, ED67, Cy3),
(K2, ED68, Cy1), (K2, ED68, Cy2), (K2, ED68, Cy3), (K2,
ED69, Cy1), (K2, ED69, Cy2), (K2, ED69, Cy3), (K2, ED70,
Cyl), (K2, ED70, Cy2), (K2, ED70, Cy3), (K2, ED71, Cy1),
(K2, ED71, Cy2), (K2, ED71, Cy3), (K2, ED72, Cyl), (K2,
ED72, Cy2). (K2, ED72, Cy3), (K2, ED73,Cy1), (K2, ED73,
Cy2), (K2, ED73, Cy3), (K2, ED74, Cyl), (K2, ED74, Cy2),
(K2, ED74, Cy3), (K2, ED75, Cyl), (K2, ED75, Cy2), (K2,
ED75,Cyl), (K2, ED76, Cy1), (K2, ED76,Cy2), (K2, ED76,
Cy3), (K2, ED77, Cy1), (K2, ED77, Cy2), (K2, ED77, Cy3),
(K2, ED78, Cyl), (K2, ED78, Cy2). (K2, ED78, Cy3), (K2,
ED79, Cy1), (K2, ED79, Cy2), (K2, ED79, Cy3), (K2, EDS0,
Cyl), (K2, ED80, Cy2), (K2, ED80, Cy3), (K2, ED81, Cy1),
(K2, ED81, Cy2), (K2, ED81, Cy3), (K2, EDS2, Cyl), (K2,
EDS2, Cy2), (K2, ED82, Cy3), (K2, ED83, Cy1), (K2, EDS3,
Cy2), (K2, ED83, Cy3), (K2, ED84, Cy1), (K2, ED84, Cy2),
(K2, ED84, Cy3), (K2, ED8S5, Cy1), (K2, EDS5, Cy2), (K2,
EDS5, Cy3), (K2, ED86, Cy1), (K2, ED86, Cy2), (K2, EDS6,
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Cy3), (K2, ED87, Cy1), (K2, ED87, Cy2), (K2, ED87, Cy3),
(K2, EDS8, Cy1), (K2, ED88, Cy2), (K2, EDS8, Cy3), (K2,
EDR9, Cy1), (K2, ED89, Cy2), (K2, ED89, Cy3), (K2, ED90,
Cyl), (K2, ED90, Cy2), (K2, ED90, Cy3), (K2, ED91, Cy1),
(K2, ED91, Cy2), (K2, ED91, Cy3), (K2, ED92, Cy1), (K2,
ED92, Cy2), (K2, ED92, Cy3),

(K3, ED1, Cyl), (K3, ED1, Cy2), (K3, EDI1, Cy3), (K3,
ED2, Cyl), (K3, ED2, Cy2), (K3, ED2, Cy3), (K3, ED3,
Cy1), (K3,ED3,Cy2), (K3,ED3, Cy3), (K3,ED4, Cy1), (K3,
ED4, Cy2), (K3, ED4, Cy3), (K3, EDS, Cyl), (K3, ED5,
Cy2), (K3,ED5, Cy3), (K3,ED6, Cy1), (K3,ED6, Cy2), (K3,
ED6, Cy3), (K3, ED7, Cyl), (K3, ED7, Cy2), (K3, ED7,
Cy3), (K3,EDS, Cyl), (K3, EDS, Cy2), (K3,EDS, Cy3), (K3,
ED9, Cyl), (K3, ED9, Cy2), (K3, ED9, Cy3), (K3, ED10,
Cyl), (K3, ED10, Cy2), (K3, ED10, Cy3), (K3, ED11, Cy1),
(K3, ED11, Cy2), (K3, ED11, Cy3), (K3, ED12, Cyl), (K3,
ED12, Cy2), (K3,EDI12, Cy3), (K3,ED13,Cyl), (K3, ED13,
Cy2), (K3, ED13, Cy3), (K3, ED14, Cyl), (K3, ED14, Cy2),
(K3, ED14, Cy3), (K3, ED15, Cyl), (K3, ED15, Cy2), (K3,
ED15, Cy3). (K3,ED16, Cy1), (K3,ED16,Cy2), (K3, ED16,
Cy3), (K3,ED17, Cy1), (K3, ED17, Cy2), (K3, ED17, Cy3),
(K3, ED18, Cyl), (K3, ED18, Cy2), (K3, ED18, Cy3), (K3,
ED19, Cy1), (K3, ED19, Cy2), (K3, ED19, Cy3), (K3, ED20,
Cyl), (K3, ED20, Cy2), (K3, ED20, Cy3), (K3, ED21, Cy1),
(K3, ED21, Cy2), (K3, ED21, Cy3), (K3, ED22, Cy3), (K3,
ED22, Cy2), (K3, ED22, Cy3), (K3,ED23, Cy1), (K3, ED23,
Cy2), (K3, ED23, Cy3), (K3, ED24, Cy1), (K3, ED24, Cy2),
(K3, ED24, Cy3), (K3, ED25, Cy1), (K3, ED25, Cy2), (K3,
ED25, Cy3), (K3, ED26, Cy1), (K3, ED25, Cy2), (K3, ED26,
Cy3), (K3, ED27, Cy1), (K3, ED27, Cy2), (K3, ED27, Cy3),
(K3, ED28, Cy1), (K3, ED28, Cy2), (K3, ED28, Cy3), (K3,
ED29, Cy1), (K3, ED29, Cy2), (K3, ED29, Cy3), (K3, ED30,
Cyl), (K3, ED30, Cy2), (K3, ED30, Cy3), (K3, ED31, Cy1),
(K3, ED31, Cy2), (K3, ED31, Cy3), (K3, ED32, Cyl), (K3,
ED32, Cy2), (K3, ED32, Cy3), (K3, ED33, Cy1), (K3, ED33,
Cy2), (K3, ED33, Cy3), (K3, ED34, Cyl), (K3, ED34, Cy2),
(K3, ED34, Cy3), (K3, ED35, Cy1), (K3, ED35, Cy2), (K3,
ED35, Cy3), (K3, ED36, Cy1), (K3, ED36, Cy2), (K3, ED36,
Cy3), (K3, ED37, Cy1), (K3, ED37, Cy2), (K3, ED37, Cy3),
(K3, ED38, Cyl), (K3, ED38, Cy2), (K3, ED38, Cy3), (K3,
ED39, Cy1), (K3, ED39, Cy2), (K3, ED39, Cy3), (K3, ED40,
Cy1), (K3, ED40, Cy2), (K3, ED40, Cy3), (K3, ED41, Cy1),
(K3, ED41, Cy2), (K3, ED41, Cy3), (K3, ED42, Cy1), (K3,
ED42, Cy2), (K3, ED42, Cy3), (K3, ED43, Cy1), (K3, ED43,
Cy2), (K3, ED43, Cy3), (K3, ED44, Cy1), (K3, ED44, Cy2),
(K3, ED44, Cy3), (K3, ED45, Cy1), (K3, ED45, Cy2), (K3,
ED45, Cy3), (K3, ED46, Cy1), (K3, ED46, Cy2), (K3, ED46,
Cy3), (K3, ED47, Cy1), (K3, ED47, Cy2), (K3, ED47, Cy3),
(K3, ED48, Cy1), (K3, ED48, Cy2), (K3, ED48, Cy3), (K3,
ED49, Cy1), (K3, ED49, Cy2), (K3, ED49, Cy3), (K3, ED50,
Cyl), (K3, ED50, Cy2), (K3, ED50, Cy3), (K3, ED51, Cy1),
(K3, ED51, Cy2), (K3, ED51, Cy3), (K3, ED52, Cyl), (K3,
ED52, Cy2), (K3, ED52, Cy3), (K3, ED53, Cy1), (K3, ED53,
Cy2), (K3, ED53, Cy3), (K3, ED54, Cyl), (K3, ED54, Cy2),
(K3, ED54, Cy3), (K3, ED55, Cy1), (K3, ED55, Cy2), (K3,
ED55, Cy3), (K3, ED56, Cy1), (K3, ED56, Cy2), (K3, ED56,
Cy3), (K3, ED57, Cy1), (K3, ED57, Cy2), (K3, ED57, Cy3),
(K3, ED58, Cy1), (K3, ED58, Cy2), (K3, ED58, Cy3), (K3,
ED59, Cy1), (K3, ED59, Cy2), (K3, ED59, Cy3), (K3, ED60,
Cyl), (K3, ED60, Cy2), (K3, ED60, Cy3), (K3, ED61, Cy1),
(K3, ED61, Cy2), (K3, ED61, Cy3), (K3, ED62, Cy1), (K3,
ED62, Cy2), (K3, ED62, Cy3), (K3, ED63, Cy1), (K3, ED63,
Cy2), (K3, ED63, Cy3), (K3, ED64, Cyl), (K3, ED64, Cy2),
(K3, ED64, Cy3), (K3, ED65, Cy1), (K3, ED65, Cy2), (K3,
ED65, Cy3), (K3, ED66, Cy1), (K3, ED64, Cy2), (K3, ED66,
Cy3), (K3, ED67, Cy1), (K3, ED67, Cy2), (K3, ED67, Cy3),
(K3, ED68, Cy1), (K3, ED68, Cy2), (K3, ED68, Cy3), (K3,
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ED69, Cy1), (K3, ED69, Cy2), (K3, ED69, Cy3), (K3, ED70,
Cyl), (K3, ED70, Cy2), (K3, ED70, Cy3), (K3, ED71, Cy1),
(K3, ED71, Cy2), (K3, ED71, Cy3), (K3, ED72, Cyl), (K3,
ED72, Cy2). (K3, ED72, Cy3), (K3,ED73,Cyl), (K3, ED73,
Cy2), (K3, ED73, Cy3), (K3, ED74, Cyl), (K3, ED74, Cy2),
(K3, ED74, Cy3), (K3, ED75, Cyl), (K3, ED75, Cy2), (K3,
ED75, Cy3). (K3, ED76, Cy1), (K3, ED76,Cy2), (K3, ED76,
Cy3), (K3,ED77, Cy1), (K3, ED77, Cy2), (K3, ED77, Cy3),
(K3, ED78, Cyl), (K3, ED78, Cy2). (K3, ED78, Cy3), (K3,
ED79, Cy1), (K3, ED79, Cy2), (K3,ED79, Cy3), (K3, EDS0,
Cyl), (K3, ED80, Cy2), (K3, ED80, Cy3), (K3, ED81, Cy1),
(K3, ED81, Cy2), (K3, ED81, Cy3), (K3, EDS2, Cyl), (K3,
EDS2, Cy2), (K3, ED82, Cy3), (K3, ED83, Cy1), (K3, EDS3,
Cy2), (K3, ED83, Cy3), (K3, ED84, Cy1), (K3, ED84, Cy2),
(K3, ED84, Cy3), (K3, ED85, Cy1), (K3, ED85, Cy2), (K3,
EDS5, Cy3), (K3, ED86, Cy1), (K3, ED86, Cy2), (K3, EDS6,
Cy3), (K3, ED87, Cy1), (K3, ED87, Cy2), (K3, ED87, Cy3),
(K3, EDS8, Cy1), (K3, ED88, Cy2), (K3, EDS8, Cy3), (K3,
EDR9, Cy1), (K3, ED89, Cy2), (K3, ED89, Cy3), (K3, ED90,
Cy1), (K3, ED90, Cy2), (K3, ED90, Cy0), (K3, ED91, Cy1),
(K3, ED91, Cy2), (K3, ED91, Cy3), (K3, ED92, Cy1), (K3,
ED92, Cy2), (K3, ED92, Cy3),

(K4, EDI, Cyl), (K4, EDI, Cy2), (K4, ED1, Cy3), (K4,
ED2, Cyl), (K4, ED2, Cy2), (K4, ED2, Cy3), (K4, ED3,
Cyl), (K4,ED3, Cy2), (K4, ED3, Cy3), (K4, ED4, Cy1), (K4,
ED4, Cy2), (K4, ED4, Cy3), (K4, EDS, Cyl), (K4, ED5,
Cy2), (K4,ED5, Cy3), (K4, ED6, Cy1), (K4, ED6, Cy2), (K4,
ED6, Cy3), (K4, ED7, Cyl), (K4, ED7, Cy2), (K4, ED7,
Cy3), (K4,EDS, Cyl), (K4, EDS, Cy2), (K1,EDS, Cy3), (K4,
ED9, Cyl), (K4, ED9, Cy2), (K4, ED9, Cy3), (K4, ED10,
Cyl), (K4, ED10, Cy2), (K4, ED10, Cy3), (K4, ED11, Cy1),
(K4, ED11, Cy2), (K4, ED11, Cy3), (K4, ED12, Cyl), (K4,
ED12, Cy2). (K4, ED12, Cy3), (K4, ED13,Cy1), (K4, ED13,
Cy2), (K4, ED13, Cy3), (K4, ED14, Cyl), (K4, ED14, Cy2),
(K4, ED14, Cy3), (K4, EDI15, Cyl), (K4, ED15, Cy2), (K4,
ED15, Cy3). (K4, ED16, Cy1), (K4, ED16,Cy2), (K4, ED16,
Cy3), (K4, ED17, Cy1), (K4, ED17, Cy2), (K4, ED17, Cy3),
(K4, ED18, Cyl), (K4, EDI18, Cy2), (K4, ED18, Cy3), (K4,
ED19, Cy1), (K4, ED19, Cy2), (K4, ED19, Cy3), (K4, ED20,
Cyl), (K4, ED20, Cy2), (K4, ED20, Cy3), (K4, ED21, Cy1),
(K4, ED21, Cy2), (K4, ED21, Cy3), (K4, ED22, Cyl), (K4,
ED22, Cy2), (K4, ED22, Cy3), (K4, ED23, Cy1), (K4, ED23,
Cy2), (K4, ED23, Cy3), (K4, ED24, Cy1), (K4, ED24, Cy2),
(K4, ED24, Cy3), (K4, ED25, Cy1), (K4, ED25, Cy2), (K4,
ED25, Cy3), (K4, ED26, Cy1), (K4, ED26, Cy2), (K4, ED26,
Cy3), (K4, ED27, Cy1), (K4, ED27, Cy2), (K4, ED27, Cy3),
(K4, ED28, Cyl), (K4, ED28, Cy2). (K4, ED28, Cy3), (K4,
ED29, Cy1), (K4, ED29, Cy2), (K4, ED29, Cy3), (K4, ED30,
Cyl), (K4, ED30, Cy2), (K4, ED30, Cy3), (K4, ED31, Cy1),
(K4, ED31, Cy2), (K4, ED31, Cy3), (K4, ED32, Cyl), (K4,
ED32, Cy2), (K4, ED32, Cy3), (K4, ED33, Cy1), (K4, ED33,
Cy2), (K4, ED33, Cy3), (K4, ED34, Cyl), (K4, ED34, Cy2),
(K4, ED34, Cy3), (K4, ED35, Cy1), (K4, ED35, Cy2), (K4,
ED35, Cy3), (K4, ED36, Cy1), (K4, ED36, Cy2), (K4, ED36,
Cy3), (K4, ED37, Cy1), (K4, ED37, Cy2), (K4, ED37, Cy3),
(K4, ED38, Cyl), (K4, ED38, Cy2), (K4, ED38, Cy3), (K4,
ED39, Cy1), (K4, ED39, Cy2), (K4, ED39, Cy3), (K4, ED40,
Cyl), (K4, ED40, Cy2), (K4, ED40, Cy3), (K4, ED41, Cy1),
(K4, ED41, Cy2), (K4, ED41, Cy3), (K4, ED42, Cy1), (K4,
ED42, Cy2), (K4, ED42, Cy3), (K4, ED43, Cy1), (K4, ED43,
Cy2), (K4, ED43, Cy3), (K4, ED44, Cyl), (K4, ED44, Cy?2),
(K4, ED44, Cy3), (K4, ED45, Cy1), (K4, ED45, Cy2), (K4,
ED45, Cy3), (K4, ED46, Cy1), (K4, ED46, Cy2), (K4, ED46,
Cy3), (K4, ED47, Cy1), (K4, ED47, Cy2), (K4, ED47, Cy3),
(K4, ED48, Cyl), (K4, ED48, Cy2), (K4, ED48, Cy3), (K4,
ED49, Cy1), (K4, ED49, Cy2), (K4, ED49, Cy3), (K4, ED50,
Cyl), (K4, ED50, Cy2), (K4, ED50, Cy3), (K4, ED51, Cy1),
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(K4, ED51, Cy2), (K4, ED51, Cy3), (K4, ED52, Cyl), (K4,
ED52, Cy2), (K4, ED52, Cy3), (K4, ED53, Cy1), (K4, ED53,
Cy2), (K4, ED53, Cy3), (K4, ED54, Cyl), (K4, ED54, Cy2),
(K4, ED54, Cy3), (K4, EDS55, Cy1), (K4, ED55, Cy2), (K4,
ED55, Cy3), (K4, ED56, Cy1), (K4, ED56, Cy2), (K4, ED56,
Cy3), (K4, ED57, Cy1), (K4, ED57, Cy2), (K4, ED57, Cy3),
(K4, ED58, Cy1), (K4, ED58, Cy2), (K4, ED58, Cy3), (K4,
ED59, Cy1), (K4, ED59, Cy2), (K4, ED59, Cy3), (K4, ED60,
Cyl), (K4, ED60, Cy2), (K4, ED60, Cy3), (K4, ED61, Cy1),
(K4, ED61, Cy2), (K4, ED61, Cy3), (K4, ED62, Cyl), (K4,
ED62, Cy2), (K4, ED62, Cy3), (K4, ED63, Cy1), (K4, ED63,
Cy2), (K4, ED63, Cy3), (K4, ED64, Cyl), (K4, ED64, Cy2),
(K4, ED64, Cy3), (K4, ED65, Cy1), (K4, ED65, Cy2), (K4,
ED65, Cy3), (K4, ED66, Cy1), (K4, ED66, Cy2), (K4, ED66,
Cy3), (K4, ED67, Cy1), (K4, ED67, Cy2), (K4, ED67, Cy3),
(K4, ED68, Cy1), (K4, ED68, Cy2), (K4, ED68, Cy3), (K4,
ED69, Cy1), (K4, ED69, Cy2), (K4, ED69, Cy3), (K4, ED70,
Cyl), (K4, ED70, Cy2), (K4, ED70, Cy3), (K4, ED71, Cy1),
(K4, ED71, Cy2), (K4, ED71, Cy3), (K4, ED72, Cyl), (K4,
ED72, Cy2). (K4, ED72, Cy3), (K4, ED73,Cy1), (K4, ED73,
Cy2), (K4, ED73, Cy3), (K4, ED74, Cyl), (K4, ED74, Cy2),
(K4, ED74, Cy3), (K4, ED75, Cyl), (K4, ED75, Cy2), (K4,
ED75, Cy3). (K4, ED76, Cy1), (K4, ED76,Cy2), (K4, ED76,
Cy3), (K4, ED77, Cy1), (K4, ED77, Cy2), (K4, ED77, Cy3),
(K4, ED78, Cyl), (K4, ED78, Cy2), (K4, ED78, Cy3), (K4,
ED79, Cy1), (K4, ED79, Cy2), (K4, ED79, Cy3), (K4, EDS0,
Cyl), (K4, ED80, Cy2), (K4, ED80, Cy3), (K4, ED81, Cy1),
(K4, ED81, Cy2), (K4, ED81, Cy3), (K4, EDS2, Cyl), (K4,
EDS2, Cy2), (K4, ED82, Cy3), (K4, ED83, Cy1), (K4, EDS3,
Cy2), (K1, ED83, Cy3), (K4, ED84, Cy1), (K4, ED84, Cy2),
(K4, ED84, Cy3), (K4, ED85, Cy1), (K4, EDS5, Cy2), (K4,
EDS5, Cy3), (K4, ED86, Cy1), (K4, ED86, Cy2), (K4, EDS6,
Cy3), (K4, ED87, Cy1), (K4, ED87, Cy2), (K4, ED87, Cy3),
(K4, EDS8, Cy1), (K4, ED88, Cy2), (K4, EDS8, Cy3), (K4,
EDR9, Cy1), (K4, ED89, Cy2), (K4, ED89, Cy3), (K4, ED90,
Cy1), (K4, ED90, Cy2), (K4, ED90, Cy3), (K4, ED91, Cy1),
(K4, ED91, Cy2), (K4, ED91, Cy3), (K4, ED92, Cy1), (K4,
ED92, Cy2), (K4, ED92, Cy3)

(K5, ED1, Cyl), (K5, ED1, Cy2), (K5, ED1, Cy3), (K5,
ED2, Cyl), (K5, ED2, Cy2), (K5, ED2, Cy3), (K5, ED3,
Cy1), (K5, ED3, Cy2), (K5, ED3, Cy3), (K5, ED4, Cy1), (K5,
ED4, Cy2), (K5, ED4, Cy3), (K5, EDS, Cyl), (K5, ED5,
Cy2), (K5, ED5, Cy3), (K5, ED6, Cy1), (K5, ED6, Cy2), (K5,
ED6, Cy3), (K5, ED7, Cyl), (K5, ED7, Cy2), (K5, ED7,
Cy3), (K5, ED5, Cyl), (K5, EDS, Cy2), (K5, EDS, Cy3), (K5,
ED9, Cyl), (K5, ED9, Cy2), (K5, ED9, Cy3). (K5, ED10,
Cyl), (K5, ED10, Cy2), (K5, ED10, Cy3), (K5, ED11, Cy1),
(K5, ED11, Cy2), (K5, ED11, Cy3), (K5, ED12, Cyl), (K5,
ED12, Cy2). (K5, ED12, Cy3), (K5,ED13,Cyl), (K5, ED13,
Cy2), (K5, ED13, Cy3), (K5, ED14, Cyl), (K5, ED14, Cy2),
(K5, ED14, Cy3), (K5, ED15, Cyl), (K5, ED15, Cy2), (K5,
ED15, Cy3). (K5, ED16, Cy1), (K5,ED16,Cy2), (K5, ED16,
Cy3), (K5,ED17, Cy1), (K5, ED17, Cy2), (K5, ED17, Cy3),
(K5, ED18, Cyl), (K5, ED18, Cy2), (K5, ED18, Cy3), (K5,
ED19, Cy1), (K5, ED19, Cy2), (K5, ED19, Cy3), (K5, ED20,
Cyl), (K5, ED20, Cy2), (K5, ED20, Cy3), (K5, ED21, Cy1),
(K5, ED21, Cy2), (K5, ED21, Cy3), (K5, ED22, Cyl), (K5,
ED22, Cy2), (K5, ED22, Cy3), (K5, ED23, Cy1), (K5, ED23,
Cy2), (K5, ED23, Cy3), (K5, ED24, Cy1), (K5, ED24, Cy2),
(K5, ED24, Cy3), (K5, ED25, Cy1), (K5, ED25, Cy2), (K5,
ED25, Cy3), (K5, ED26, Cy1), (K5, ED26, Cy2), (K5, ED26,
Cy3), (K5, ED27, Cy1), (K5, ED27, Cy2), (K5, ED27, Cy3),
(K5, ED28, Cyl), (K5, ED28, Cy2), (K5, ED28, Cy3), (K5,
ED29, Cy1), (K5, ED29, Cy2), (K5, ED29, Cy3), (K5, ED30,
Cyl), (K5, ED30, Cy2), (K5, ED30, Cy3), (K5, ED31, Cy1),
(K5, ED31, Cy2), (K5, ED31, Cy3), (K5, ED32, Cyl), (K5,
ED32, Cy2), (K5, ED32, Cy3), (K5, ED33, Cy1), (K5, ED33,
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Cy2), (K5, ED33, Cy3), (K5, ED34, Cyl), (K5, ED34, Cy2),
(K5, ED34, Cy3), (K5, ED35, Cyl), (K5, ED35, Cy2), (K5,
ED35, Cy3), (K5, ED36, Cy1), (K5, ED36, Cy2), (K5, ED36,
Cy3), (K5, ED37, Cy1), (K5, ED37, Cy2), (K5, ED37, Cy3),
(K5, ED38, Cyl), (K5, ED38, Cy2). (K5, ED38, Cy3), (K5,
ED39, Cy1), (K5, ED39, Cy2), (K5, ED39, Cy3), (K5, ED40,
Cyl), (K5, ED40, Cy2), (K5, ED40, Cy3), (K5, ED41, Cy1),
(K5, ED41, Cy2), (K5, ED41, Cy3), (K5, ED42, Cy1), (K5,
ED42, Cy2), (K5, ED42, Cy3), (K5, ED43, Cy1), (K5, ED43,
Cy2), (K5, ED43, Cy3), (K5, ED14, Cyl), (K5, ED44, Cy2),
(K5, ED44, Cy3), (K5, ED45, Cy1), (K5, ED45, Cy2), (K5,
ED45, Cy3), (K5, ED46, Cy1), (K5, ED46, Cy2), (K5, ED46,
Cy3), (K5, ED47, Cy1), (K5, ED47, Cy2), (K5, ED47, Cy3),
(K5, ED48, Cy1), (K5, ED48, Cy2), (K5, ED48, Cy3), (K5,
ED49, Cy1), (K5, ED49, Cy2), (K5, ED49, Cy3), (K5, ED50,
Cyl), (K5, ED50, Cy2), (K5, ED50, Cy3), (K5, ED51, Cy1),
(K5, ED51, Cy2), (K5, ED51, Cy3), (K5, ED52, Cyl), (K5,
ED52, Cy2). (K5, ED52, Cy3), (K5, ED53, Cy1), (K5, ED53,
Cy2), (K5, ED53, Cy3), (K5, ED54, Cyl), (K5, ED54, Cy2),
(K5, ED54, Cy3), (K5, EDS5S5, Cyl), (K5, ED55, Cy2), (K5,
ED55, Cy3), (K5, ED56, Cy1), (K5, ED56, Cy2), (K5, ED56,
Cy3), (K5, ED57, Cy1), (K5, ED57, Cy2), (K5, ED57, Cy3),
(K5, ED58, Cyl), (K5, ED58, Cy2). (K5, ED58, Cy3), (K5,
ED59, Cy1), (K5, ED59, Cy2), (K5, ED59, Cy3), (K5, ED60,
Cyl), (K5, ED60, Cy2), (K5, ED60, Cy3), (K5, ED61, Cy1),
(K5, ED61, Cy2), (K5, ED61, Cy3), (K5, ED62, Cyl), (K5,
ED62, Cy2). (K5, ED62, Cy3), (K5, ED63, Cy1), (K5, ED63,
Cy2), (K5, ED63, Cy3), (K5, ED64, Cyl), (K5, ED64, Cy2),
(K5, ED64, Cy3), (K5, ED65, Cyl), (K5, ED65, Cy2), (K5,
ED65, Cy3), (K5, ED66, Cy1), (K5, ED66, Cy2), (K5, ED66,
Cy3), (K5, ED67, Cy1), (K5, ED67, Cy2), (K5, ED67, Cy3),
(K5, ED68, Cy1), (K5, ED68, Cy2), (K5, ED68, Cy3), (K5,
ED69, Cy1), (K5, ED69, Cy2), (K5, ED69, Cy3), (K5, ED70,
Cyl), (K5, ED70, Cy2), (K5, ED70, Cy3), (K5, ED71, Cy1),
(K5, ED71, Cy2), (K5, ED71, Cy3), (K5, ED72, Cyl), (K5,
ED72, Cy2). (K5, ED72, Cy3), (K5,ED73,Cyl), (K5, ED73,
Cy2), (K5, ED73, Cy3), (K5, ED74, Cyl), (K5, ED74, Cy2),
(K5, ED74, Cy3), (K5, ED75, Cyl), (K5, ED75, Cy2), (K5,
ED75, Cy3). (K5, ED76, Cy1), (K5,ED76,Cy2), (K5, ED76,
Cy3), (K5, ED77, Cy1), (K5, ED77, Cy2), (K5, ED77, Cy3),
(K5, ED78, Cyl), (K5, ED78, Cy2). (K5, ED78, Cy3), (K5,
ED79, Cy1), (K5, ED79, Cy2), (K5, ED79, Cy3), (K5, EDS0,
Cyl), (K5, ED80, Cy2), (K5, ED80, Cy3), (K5, ED81, Cy1),
(K5, ED81, Cy2), (K5, ED81, Cy3), (K5, EDS2, Cyl), (K5,
EDS2, Cy2), (K5, ED82, Cy3), (K5, ED83, Cy1), (K5, EDS3,
Cy2), (K5, ED83, Cy3), (K5, ED84, Cyl), (K5, ED84, Cy2),
(K5, ED84, Cy3), (K5, ED8S5, Cy1), (K5, EDS5, Cy2), (K5,
ED85, Cy3), (K5, ED86, Cy1), (K5, ED86, Cy2), (K5, EDS6,
Cy3), (K5, ED87, Cy1), (K5, ED87, Cy2), (K5, ED87, Cy3),
(K5, EDS8, Cyl), (K5, ED88, Cy2), (K5, EDS88, Cy3), (K5,
EDR9, Cy1), (K5, ED89, Cy2), (K5, ED89, Cy3), (K5, ED90,
Cyl), (K5, ED90, Cy2), (K5, ED90, Cy3), (DS, ED91, Cyl),
(K5, ED91, Cy2), (K5, ED91, Cy3), (K5, ED92, Cy1), (K5,
ED92, Cy2), (K5, ED92, Cy3),

(K6, EDI, Cyl), (K6, EDI, Cy2), (K6, ED1, Cy3), (K6,
ED2, Cyl), (K6, ED2, Cy2), (K6, ED2, Cy3), (K6, ED3,
Cy1), (K6, ED3, Cy2), (K6, ED3, Cy3), (K6, ED4, Cy1), (K6,
ED4, Cy2), (K6, ED4, Cy3), (K6, EDS, Cyl), (K6, ED5,
Cy2), (K6, ED5, Cy3), (K6, ED6, Cyl), (K6, ED6, Cy2), (K6,
ED6, Cy3), (K6, ED7, Cyl), (K6, ED7, Cy2), (K6, ED7,
Cy3), (K6, EDS, Cyl), (K6, ED5, Cy2), (K6, ED5, Cy3), (K6,
ED9, Cyl), (K6, ED9, Cy2), (K6, ED9, Cy3), (K6, ED10,
Cyl), (K6, ED10, Cy2), (K6, ED10, Cy3), (K6, ED11, Cy1),
(K6, ED11, Cy2), (K6, ED11, Cy3), (K6, ED12, Cyl), (K6,
ED12, Cy2). (K6, ED12, Cy3), (K6,ED13,Cy1), (K6, ED13,
Cy2), (K6, ED13, Cy3), (K6, ED14, Cyl), (K6, ED14, Cy2),
(K6, ED14, Cy3), (K6, EDI15, Cyl), (K6, ED15, Cy2), (K6,
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ED15, Cy3). (K6,ED16, Cy1), (K6,ED16,Cy2), (K6, ED16,
Cy3), (K6, ED17, Cy1), (K6, ED17, Cy2), (K6, ED17, Cy3),
(K6, ED18, Cy1), (K6, ED18, Cy2), (K6, ED18, Cy3), (K6,
ED19, Cy1), (K6, ED19, Cy2), (K6, ED19, Cy3), (K6, ED20,
Cyl), (K6, ED20, Cy2), (K6, ED20, Cy3), (K6, ED21, Cy1),
(K6, ED21, Cy2), (K6, ED21, Cy3), (K6, ED22, Cyl), (K6,
ED22, Cy2), (K6, ED22, Cy3), (K6, ED23, Cy1), (K6, ED23,
Cy2), (K6, ED23, Cy3), (K6, ED24, Cy1), (K6, ED24, Cy2),
(K6, ED24, Cy3), (K6, ED25, Cy1), (K6, ED25, Cy2), (K6,
ED25, Cy3), (K6, ED26, Cy1), (K6, ED26, Cy2), (K6, ED26,
Cy3), (K6, ED27, Cy1), (K6, ED27, Cy2), (K6, ED27, Cy3),
(K6, ED28, Cy1), (K6, ED28, Cy2), (K6, ED28, Cy3), (K6,
ED29, Cy1), (K6, ED29, Cy2), (K6, ED29, Cy3), (K6, ED30,
Cyl), (K6, ED30, Cy2), (K6, ED30, Cy3), (K6, ED31, Cy1),
(K6, ED31, Cy2), (K6, ED31, Cy3), (K6, ED32, Cyl), (K6,
ED32, Cy2), (K6, ED32, Cy3), (K6, ED33, Cy1), (K6, ED33,
Cy2), (K6, ED33, Cy3), (K6, ED34, Cyl), (K6, ED34, Cy2),
(K6, ED34, Cy3), (K6, ED35, Cy1), (K6, ED35, Cy2), (K6,
ED35, Cy3), (K6, ED36, Cy1), (K6, ED36, Cy2), (K6, ED36,
Cy3), (K6, ED37, Cy1), (K6, ED37, Cy2), (K6, ED37, Cy3),
(K6, ED38, Cy1), (K6, ED38, Cy2), (K6, ED38, Cy3), (K6,
ED39, Cy1), (K6, ED39, Cy2), (K6, ED39, Cy3), (K6, ED40,
Cy1) ED40, Cy2), (K6, ED40, Cy3), (K6, ED41, Cy1), (K6,
ED41, Cy2), (K6, ED41, Cy3), (K6, ED42, Cy1), (K6, ED42,
Cy2), (K6, ED42, Cy3), (K6, ED43, Cy1), (K6, ED43, Cy2),
(K6, ED43, Cy3), (K6, ED44, Cy1), (K6, ED44, Cy2), (K6,
ED44, Cy3), (K6, ED45, Cy1), (K6, ED45, Cy2), (K6, ED45,
Cy3), (K6, ED46, Cy1), (K6, ED46, Cy2), (K6, ED46, Cy3),
(K6, ED47, Cy1), (K6, ED47, Cy2), (K6, ED47, Cy3), (K6,
ED48, Cy1), (K6, ED48, Cy2), (K6, ED48, Cy3), (K6, ED49,
Cyl), (K6, ED49, Cy2), (K6, ED49, Cy3), (K6, ED50, Cy1),
(K6, ED50, Cy2), (K6, ED50, Cy3), (K6, ED51, Cyl), (K6,
ED51, Cy2), (K6, ED51, Cy3), (K6, ED52, Cy1), (K6, ED52,
Cy2), (K6, ED52, Cy3), (K6, ED53, Cyl), (K6, ED53, Cy2),
(K6, ED53, Cy3), (K6, ED54, Cy1), (K6, ED54, Cy2), (K6,
ED54, Cy3), (K6, ED55, Cy1), (K6, ED55, Cy2), (K6, ED55,
Cy3), (K6, ED56, Cy1), (K6, ED56, Cy2), (K6, ED56, Cy3),
(K6, ED57, Cyl), (K6, ED57, Cy2), (K6, ED57, Cy3), (K6,
ED58, Cy1), (K6, ED58, Cy2), (K6, ED58, Cy3), (K6, ED59,
Cyl), (K6, ED59, Cy2), (K6, ED59, Cy3), (K6, ED60, Cy1),
(K6, ED60, Cy2), (K6, ED60, Cy3), (K6, ED61, Cyl), (K6,
ED61, Cy2), (K6, ED61, Cy3), (K6, ED62, Cy1), (K6, ED62,
Cy2), (K6, ED62, Cy3), (K6, ED63, Cyl), (K6, ED63, Cy2),
(K6, ED63, Cy3), (K6, ED64, Cy1), (K6, ED69, Cy2), (K6,
ED64, Cy3), (K6, ED65, Cy1), (K6, ED65, Cy2), (K6, ED65,
Cy3), (K6, ED66, Cy1), (K6, ED66, Cy2), (K6, ED66, Cy3),
(K6, ED67, Cyl), (K6, ED67, Cy2), (K6, ED67, Cy3), (K6,
ED68, Cy1), (K6, ED68, Cy2), (K6, ED68, Cy3), (K6, ED69,
Cyl), (K6, ED69, Cy2), (K6, ED69, Cy3), (K6, ED70, Cy1),
(K6, ED70, Cy2), (K6, ED70, Cy3), (K6, ED71, Cyl), (K6,
ED71, Cy2). (K6,ED71, Cy3), (K6, ED72, Cy1), (K6, ED72,
Cy2), (K6, ED72, Cy3), (K6, ED73, Cyl), (K6, ED73, Cy2),
(K6, ED73, Cy3), (K6, ED79, Cyl), (K6, ED74, Cy2), (K6,
ED74, Cy3), (K6, ED75, Cy1), (K6, ED75, Cy2), (K6, ED75,
Cy3), (K6, ED76, Cy1), (K6, ED76, Cy2), (K6, ED76, Cy3),
(K6, ED77, Cyl), (K6, ED77, Cy2). (K6, ED77, Cy3), (K6,
ED78, Cyl), (K6, ED78, Cy2), (K6, ED78, Cy3), (K6, ED79,
Cyl), (K6, ED79, Cy2), (K6, ED79, Cy3), (K6, ED80, Cy1),
(K6, D0, Cy2), (K6, ED80, Cy3), (K6, ED81, Cyl), (K6,
ED81, Cy2), (K6, ED81, Cy3), (K6, ED82, Cy1), (K6, ED82,
Cy2), (K6, ED82, Cy3), (K6, ED83, Cyl), (K6, ED83, Cy2),
(K0, ED83, Cy3), (K6, ED84, Cy1), (K6, ED84, Cy2), (K6,
ED84, Cy3), (K6, ED85, Cy1), (K6, ED85, Cy2), (K6, EDS5,
Cy3), (K6, ED86, Cy1), (KO, ED86, Cy2), (K6, ED86, Cy3),
(K6, ED87, Cyl), (K6, ED87, Cy2), (K6, ED87, Cy3), (K6,
EDSS, Cy1), (K6, ED88, Cy2), (K6, ED8S, Cy3), (K6, EDS9,
Cyl), (K6, ED89, Cy2), (K6, ED89, Cy3), (K6, ED90, Cy1),
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(K6, ED90, Cy2), (K6, ED90, Cy3), (K6, ED91, Cyl), (K6,
ED91, Cy2), (K6, ED91, Cy3), (K6, ED92, Cy1), (K6, ED92,
Cy2), (K6, ED92, Cy3),

(K7, EDI, Cyl), (K7, EDI, Cy2), (K7, ED1, Cy3), (K7,
ED2, Cyl), (K7, ED2, Cy2), (K7, ED2, Cy3), (K7, ED3,
Cyl),(K7,ED3,Cy2), (K7,ED3, Cy3), (K7,ED4, Cyl), (K7.
ED4, Cy2), (K7, ED4, Cy3), (K7, EDS, Cyl), (K7, ED5,
Cy2), (K7,ED5,Cy3), (K7,ED5, Cyl), (K7,ED5, Cy2), (K7.
ED6, Cy3), (K7, ED7, Cyl), (K7, ED7, Cy2), (K7. ED7,
Cy3),(K7.ED5,Cyl), (K7,ED5, Cy2), (K7,ED5, Cy3), (K7.
ED9, Cyl), (K7, ED9, Cy2), (K7, ED9, Cy3), (K7, ED10,
Cyl), (K7, ED10, Cy2), (K7, ED10, Cy3), (K7, ED11, Cy1),
(K7, EDI11, Cy2), (K7, ED11, Cy3), (K7, ED12, Cyl), (K7,
ED12, Cy2). (K7, ED12, Cy3), (K7,ED13,Cy1), (K7, ED13,
Cy2), (K7, ED13, Cy3), (K7, ED14, Cyl), (K7, ED14, Cy2),
(K7, ED14, Cy3), (K7, EDI15, Cyl), (K7, ED15, Cy2), (K7,
ED15, Cy3). (K7, ED16, Cy1), (K7,ED16,Cy2), (K7, ED16,
Cy3), (K7,ED17, Cy1), (K7, ED17, Cy2), (K7, ED17, Cy3),
(K7, EDI18, Cyl), (K7, EDI18, Cy2), (K7, ED18, Cy3), (K7,
ED19, Cy1), (K7, ED19, Cy2), (K7, ED19, Cy3), (K7, ED20,
Cyl), (K7, ED20, Cy2), (K7, ED20, Cy3), (K7, ED21, Cy1),
(K7, ED21, Cy2), (K7, ED21, Cy3), (K7, ED22, Cyl), (K7,
ED22, Cy2), (K7, ED22, Cy3), (K7, ED23,Cy1), (K7, ED23,
Cy2), (K7, ED23, Cy3), (K7, ED24, Cy1), (K7, ED29, Cy2),
(K7, ED24, Cy3), (K7, ED25, Cy1), (K7, ED25, Cy2), (K7,
ED25, Cy3), (K7, ED26, Cy1), (K7, ED25, Cy2), (K7, ED26,
Cy3), (K7, ED27, Cy1), (K7, ED27, Cy2), (K7, ED27, Cy3),
(K7, ED28, Cyl), (K7, ED28, Cy2). (K7, ED28, Cy3), (K7,
ED29, Cy1), (K7, ED29, Cy2), (K7, ED29, Cy3), (K7, ED30,
Cyl), (K7, ED30, Cy2), (K7, ED30, Cy3), (K7, ED31, Cy1),
(K7, ED31, Cy2), (K7, ED31, Cy3), (K7, ED32, Cyl), (K7,
ED32, Cy2), (K7, ED32, Cy3), (K7, ED33, Cy1), (K7, ED33,
Cy2), (K7, ED33, Cy3), (K7, ED34, Cyl), (K7, ED34, Cy2),
(K7, ED34, Cy3), (K7, ED35, Cyl), (K7, ED35, Cy2), (K7,
ED35, Cy3), (K7, ED36, Cy1), (K7, ED36,Cy2), (K7, ED36,
Cy3), (K7, ED37, Cy1), (K7, ED37, Cy2), (K7, ED37, Cy3),
(K7, ED38, Cyl), (K7, ED38, Cy2). (K7, ED38, Cy3), (K7,
ED39, Cy1), (K7, ED39, Cy2), (K7, ED39, Cy3), (K7, ED40,
Cyl), (K7, ED40, Cy2), (K7, ED40, Cy3), (K7, ED41, Cy1),
(K7, ED41, Cy2), (K7, ED41, Cy3), (K7, ED42, Cy1), (K7,
ED92, Cy2), (K7, ED42, Cy3), (K7, ED43, Cy1), (K7, ED43,
Cy2), (K7, ED43, Cy3), (K7, ED44, Cyl), (K7, ED44, Cy2),
(K7, ED44, Cy3), (K7, ED45, Cy1), (K7, ED45, Cy2), (K7,
ED45, Cy3), (K7, ED46, Cy1), (K7, ED46, Cy2), (K7, ED46,
Cy3), (K7, ED47, Cy1), (K7, ED47, Cy2), (K7, ED97, Cy3),
(K7, ED48, Cyl), (K7, ED48, Cy2), (K7, ED48, Cy3), (K7,
ED49, Cy1), (K7, ED49, Cy2), (K7, ED49, Cy3), (K7, ED50,
Cyl), (K7, ED50, Cy2), (K7, ED50, Cy3), (K7, ED51, Cy1),
(K7, ED51, Cy2), (K7, ED51, Cy3), (K7, ED52, Cyl), (K7,
ED52, Cy2), (K7, ED52, Cy3), (K7, ED53, Cy1), (K7, ED53,
Cy2), (K7, ED53, Cy3), (K7, ED54, Cyl), (K7, ED54, Cy2),
(K7, ED54, Cy3), (K7, EDS5S5, Cyl), (K7, ED55, Cy2), (K7,
ED55, Cy3), (K7, ED56, Cy1), (K7, ED56, Cy2), (K7, ED56,
Cy3), (K7, ED57, Cy1), (K7, ED57, Cy2), (K7, ED57, Cy3),
(K7, ED58, Cyl), (K7, ED58, Cy2). (K7, ED58, Cy3), (K7,
ED59, Cy1), (K7, ED59, Cy2), (K7, ED59, Cy3), (K7, ED60,
Cyl), (K7, ED60, Cy2), (K7, ED60, Cy3), (K7, ED61, Cy1),
(K7, ED61, Cy2), (K7, ED61, Cy3), (K7, ED62, Cyl), (K7,
ED62, Cy2), (K7, ED62, Cy3) (K7, ED63, Cy1), (K7, ED63,
Cy2), (K7, ED63, Cy3), (K7, ED64, Cyl), (K6, ED64, Cy2),
(K7, ED64, Cy3), (K7, ED65, Cyl), (K7, ED65, Cy2), (K7,
ED65, Cy3). (K7, ED66, Cy1), (K7, ED66, Cy2), (K7, ED66,
Cy3), (K7, ED67, Cy1), (K7, ED67, Cy2), (K7, ED67, Cy3),
(K7, ED68, Cyl), (K7, ED68, Cy2), (K7, ED68, Cy3), (K7,
ED69, Cy1), (K7, ED69, Cy2), (K7, ED69, Cy3), (K7, ED70,
Cyl), (K7, ED70, Cy2), (K7, ED70, Cy3), (K7, ED71, Cy1),
(K7, ED71, Cy2), (K7, ED71, Cy3), (K7, ED72, Cyl), (K7,
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ED72, Cy2). (K7,ED72, Cy3), (K7, ED73,Cyl), (K7, ED73,
Cy2), (K7, ED73, Cy3), (K7, ED74, Cyl), (K7, ED74, Cy2),
(K7, ED74, Cy3), (K7, ED75, Cyl), (K7, ED75, Cy2), (K7,
ED75,Cy3). (K7,ED76,Cy1), (K7, ED76,Cy2), (K7, ED76,
Cy3), (K7, ED77, Cyl), (K7, ED77, Cy2), (K7, ED77, Cy3),
(K7, ED78, Cyl), (K7, ED78, Cy2), (K7, ED78, Cy3), (K7,
ED79, Cyl), (K7, ED79, Cy2), (K7, ED79, Cy3), (K7, EDS0,
Cyl), (K7, EDS80, Cy2), (K7, ED80, Cy3), (K7, ED81, Cy1),
(K7, ED81, Cy2), (K7, ED81, Cy3), (K7, ED82, Cyl), (K7,
EDS2, Cy2), (K7, ED82, Cy3), (K7, ED83, Cy1), (K7, EDSS,
Cy2), (K7, ED83, Cy1), (K7, ED84, Cy1), (K7, ED84, Cy2),
(K7, ED84, Cy3), (K7, ED85, Cy1), (K7, ED85, Cy2), (K7,
ED85, Cy3), (K7, ED86, Cy1), (K7, ED86, Cy2), (K7, EDS6,
Cy3), (K7, ED87, Cy1), (K7, ED87, Cy2), (K7, ED87, Cy3),
(K7, ED88, Cyl), (K7, ED88, Cy2), (K7, EDS8, Cy3), (K7,
EDR9, Cy1), (K7, ED89, Cy2), (K7, ED89, Cy3), (K7, ED90,
Cyl), (K7, ED90, Cy2), (K7, ED90, Cy3), (K7, ED91, Cy1),
(K7, ED91, Cy2), (K7, ED91, Cy3), (K7, ED92, Cyl), (K7,
ED92, Cy2), (K7, ED92, Cy3)

(K8, ED1, Cyl), (K8, ED1, Cy2), (K8, ED1, Cy3), (K8,
ED2,Cyl), (K8,ED2, Cy2), (K8, ED2, Cy3), (K8, Cyl), (K8,
ED3, Cy2), (K8, ED3, Cy3), (K8, Ed4, Cyl), (K8, ED4,
Cy2), (K8, ED4, Cy3), (K8, ED5, Cy1), (K8, ED5, Cy2), (K8,
ED5, Cy3), (K8, ED6, Cyl), (K8, ED6, Cy2), (K8, ED6,
Cy3), (K5, ED7,Cyl), (K8, ED7, Cy2), (K8, ED7, Cy3), (K8,
ED5, Cyl), (K8, EDS8, Cy2), (K8, EDS8, Cy3), (K8, ED9,
Cyl), (K8, ED9, Cy2), (K8, ED9, Cy3), (K8, ED10, Cyl),
(K8, ED10, Cy2), (K8, ED10, Cy3), (K8, ED11, Cyl), (K8,
ED11, Cy2), (K8,EDI1, Cy3), (K8,ED12,Cyl), (K8, ED12,
Cy2), (K8, ED12, Cy3), (K8, ED13, Cyl), (K8, ED13, Cy2),
(K8, ED13, Cy3), (K8, ED14, Cyl), (K8, ED14, Cy2), (K8,
ED14, Cy3), (K8,ED15, Cy1), (K8,ED15,Cy2), (K8, ED15,
Cy3), (K8, ED16, Cy1), (K8, ED16, Cy2), (K8, ED16, Cy3),
(K8, ED17, Cy1), (K8, ED17, Cy2), (K8, ED17, Cy3), (KS,
ED18, Cyl), (K8, ED18, Cy2), (K8, ED18, Cy3), (K8, ED19,
Cyl), (K8, ED19, Cy2), (K8, ED19, Cy3), (K8, ED20, Cy1),
(K8, ED20, Cy2), (K8, ED20, Cy3), (K8, ED21, Cy1), (K3,
ED21, Cy2), (K8, ED21, Cy3), (K8, ED22, Cy1), (K8, ED22,
Cy2), (K8, ED22, Cy3), (K8, ED23, Cyl), (K8, ED23, Cy2),
(K8, ED23, Cy3), (K8, ED24, Cy1), (K8, ED24, Cy2), (KS,
ED24, Cy3), (K8, ED25, Cy1), (K8, ED25, Cy2), (K8, ED25,
Cy3), (K8, ED26, Cy1), (K8, ED26, Cy2), (K8, ED26, Cy3),
(K8, ED27, Cyl), (K8, ED27, Cy2), (K8, ED27, Cy3), (KS,
ED28, Cyl), (K8, ED28, Cy2), (K8, ED28, Cy3), (K8, ED29,
Cyl), (K8, ED29, Cy2), (K8, ED29, Cy3), (K8, ED30, Cy1),
(K8, ED30, Cy2), (K8, ED30, Cy3), (K8, ED31, Cyl), (K3,
ED31, Cy2), (K8, ED31, Cy3), (K8, ED32, Cy1), (K8, ED32,
Cy2), (K8, ED32, Cy3), (K8, ED33, Cyl), (K8, ED33, Cy2),
(K8, ED33, Cy3), (K8, ED34, Cy1), (K8, ED34, Cy2), (K,
ED34, Cy3), (K8, ED35, Cy1), (K8, ED35, Cy2), (K8, ED35,
Cy3), (K8, ED36, Cy1), (K8, ED36, Cy2), (K8, ED36, Cy3),
(K8, ED37, Cyl), (K8, ED37, Cy2), (K8, ED37, Cy3), (KS,
ED38, Cy1), (K8, ED38, Cy2), (K8, ED38, Cy3), (K8, ED39,
Cyl), (K8, ED39, Cy2), (K8, ED39, Cy3), (K8, ED40, Cy1),
(K8, ED40, Cy2), (K8, ED40, Cy3), (K8, ED41, Cy1), (KS,
ED41, Cy2), (K8,ED11, Cy3), (K8, ED42, Cy1), (K8, ED42,
Cy2), (K8, ED42, Cy3), (K8, ED43, Cyl), (K8, ED43, Cy2),
(K8, ED43, Cy3), (K8, ED44, Cy1), (K8, ED44, Cy2), (KS,
ED44, Cy3), (K8, ED45, Cy1), (K8, ED45, Cy2), (K8, ED45,
Cy3), (K8, ED46, Cy1), (K8, ED46, Cy2), (K8, ED46, Cy3),
(K8, ED47, Cyl), (K8, ED47, Cy2), (K8, ED47, Cy3), (KS,
ED48, Cy1), (K8, ED5, Cy2), (K8, ED48, Cy3), (K8, ED49,
Cyl), (K8, ED49, Cy2), (K8, ED49, Cy3), (K8, ED50, Cy1),
(K8, ED50, Cy2), (K8, ED50, Cy3), (K8, ED51, Cyl), (KS,
ED51, Cy2), (K8, ED51, Cy3), (K8, ED52, Cyl), (K8, ED52,
Cy2), (K8, ED52, Cy3), (K8, ED53, Cyl), (K8, ED53, Cy2),
(K8, ED53, Cy3), (K8, ED54, Cy1), (K8, ED54, Cy2), (KS,
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ED54, Cy3), (K8, ED55, Cy1), (K8, ED55, Cy2), (K8, ED55,
Cy3), (K8, ED56, Cy1), (K8, ED56, Cy2), (K8, ED56, Cy3),
(K8, ED57, Cyl), (K8, ED57, Cy2). (K8, ED57, Cy3), (KS,
ED58, Cy1), (K8, ED58, Cy2), (K8, ED55, Cy3), (K8, ED59,
Cyl), (K8, ED59, Cy2), (K8, ED59, Cy3), (K8, ED60, Cy1),
(K8, ED60, Cy2), (K8, ED60, Cy3), (K8, ED61, Cyl), (KS,
ED61, Cy2), (K8, ED61, Cy3), (K8, ED62, Cy1), (K8, ED62,
Cy2), (K8, ED62, Cy3), (K8, ED63, Cyl), (K8, ED63, Cy2),
(K8, ED63, Cy3), (K8, ED64, Cy1), (K8, ED64, Cy2), (KS,
ED64, Cy3), (K8, ED65, Cy1), (K8, ED65, Cy2), (K8, ED65,
Cy3), (K8, ED66, Cy1), (K8, ED65, Cy2), (K8, ED66, Cy3),
(K8, ED67, Cyl), (K8, ED67, Cy2). (K8, ED67, Cy3), (KS,
ED68, Cy1), (K8, ED68, Cy2), (K8, ED68, Cy3), (K8, ED69,
Cyl), (K8, ED69, Cy2), (K2, ED69, Cy3), (K8, ED70, Cy1),
(K8, ED70, Cy2), (K8, ED70, Cy3), (K8, ED71, Cyl), (K3,
ED71, Cy2). (K8, ED71, Cy3), (K8, ED72, Cyl), (K8, ED72,
Cy2), (K8, ED72, Cy3), (K8, ED73, Cyl), (K8, ED73, Cy2),
(K8, ED73, Cy3), (K8, ED74, Cy1), (K8, ED74, Cy2), (KS,
ED74, Cy3), (K8, ED75, Cy1), (K8, ED75, Cy2), (K8, ED75,
Cy3), (K8, ED76, Cy1), (K8, ED76, Cy2), (K8, ED76, Cy3),
(K8, ED77, Cyl), (K8, ED77, Cy2). (K8, ED77, Cy3), (K8,
ED7S, Cyl), (K8,ED78, Cy2), (K8, ED78, Cy3), (K8, ED79,
Cyl), (K8, ED79, Cy2), (K8, ED79, Cy3), (K8, ED80, Cy1),
(K8, EDS0, Cy2), (K8, ED80, Cy3), (K8, ED81, Cy1), (K3,
ED81, Cy2), (K8, ED81, Cy3), (K8, ED82, Cy1), (K8, EDS82,
Cy2), (K8, ED82, Cy3), (K8, ED83, Cyl), (K8, ED83, Cy2),
(K8, EDS3, Cy3), (K8, ED84, Cy1), (K8, ED84, Cy2), (K3,
ED84, Cy3), (K8, ED85, Cy1), (K8, ED85, Cy2), (K8, EDS5,
Cy3), (K8, ED86, Cy1), (K8, ED86, Cy2), (K8, ED86, Cy3),
(K8, ED87, Cyl), (K8, ED87, Cy2). (K8, ED87, Cy3), (KS,
EDS8, Cy1), (K8, ED88, Cy2), (K8, ED88, Cy3), (K8, EDS9,
Cyl), (K8, ED89, Cy2), (K8, ED89, Cy3), (K8, ED90, Cy1),
(K8, ED90, Cy2), (K8, ED90, Cy3), (K8, ED91, Cy1), (KS,
ED91, Cy2), (K8, ED91, Cy3), (K8, ED92, Cy1), (K8, ED92,
Cy2). (K8, ED92, Cy3),

(K9, EDI, Cyl), (K9, EDI, Cy2), (K9, ED1, Cy3), (K9,
ED2, Cyl), (K9, ED2, Cy2), (K9, ED2, Cy3), (K9, ED3,
Cy1), (K9, ED3, Cy2), (K9, ED3, Cy3), (K9, ED4, Cy1), (K9,
ED4, Cy2), (K9, ED4, Cy3), (K9, EDS5, Cyl), (K9, ED5,
Cy2), (K9, ED5, Cy3), (K9, ED6, Cy1), (K9, ED6, Cy2), (K9,
ED6, Cy3), (K9, ED7, Cyl), (K9, ED7, Cy2), (K9, ED7,
Cy3), (K9, EDS, Cyl), (K9, EDS, Cy2), (K9, ED5, Cy3), (K9,
ED9, Cy1), (K9, ED9, Cy2), (K9, ED9, Cy3), (K9, ED10,
Cyl), (K9, ED10, Cy2), (K9, ED10, Cy3), (K9, ED11, Cy1),
(K9, ED11, Cy2), (K9, ED11, Cy3), (K9, ED12, Cy1), (K9,
ED12, Cy2). (K9, ED12, Cy3), (K9, ED13, Cy1), (K9, ED13,
Cy2), (K9, ED13, Cy3), (K9, ED14, Cy1), (K9, ED14, Cy2),
(K9, ED14, Cy3), (K9, EDI15, Cy1), (K9, ED15, Cy2), (K9,
ED15, Cy3). (K9, ED16, Cy1), (K9, ED16, Cy2), (K9, ED16,
Cy3), (K9, ED17, Cy1), (K9, ED17, Cy2), (K9, ED17, Cy3),
(K9, ED18, Cy1), (K9, EDI18, Cy2), (K9, ED18, Cy3), (K9,
ED19, Cy1), (K9, ED19, Cy2), (K9, ED19, Cy3), (K9, ED20,
Cyl), (K9, ED20, Cy2), (K9, ED20, Cy3), (K9, ED21, Cy1),
(K9, ED21, Cy2), (K9, ED21, Cy3), (K9, ED22, Cy1), (K9,
ED22, Cy2). (K9, ED22, Cy3), (K9, ED23, Cy1), (K9, ED23,
Cy2), (K9, ED23, Cy3), (K9, ED24, Cy1), (K9, ED24, Cy2),
(K9, ED24, Cy3), (K9, ED25, Cy1), (K9, ED25, Cy2), (K9,
ED25, Cy3). (K9, ED26, Cy1), (K9, ED26, Cy2), (K9, ED26,
Cy3), (Kg, ED27, Cy1), (K9, ED27, Cy2), (K9, ED27, Cy3),
(K9, ED28, Cy1), (K9, ED28, Cy2). (K9, ED28, Cy3), (K9,
ED29, Cy1), (K9, ED29, Cy2), (K9, ED29, Cy3), (K9, ED30,
Cy1), (K9, ED30, Cy2), (K9, ED30, Cy3), (K9, ED31, Cy1),
(K9, ED31, Cy2), (K9, ED31, Cy3), (K9, ED32, Cy1), (K9,
ED32, Cy2). (K9, ED32, Cy3), (K9, ED33, Cy1), (K9, ED33,
Cy2), (K9, ED33, Cy3), (K9, ED34, Cy1), (K9, ED34, Cy2),
(K9, ED34, Cy3), (K9, ED35, Cy1), (K9, ED35, Cy2), (K9,
ED35, Cy3). (K9, ED36, Cy1), (K9, ED36, Cy2), (K9, ED36,



US 9,145,425 B2

441

Cy3), (K9, ED37, Cy1), (K9, ED37, Cy2), (K9, ED37, Cy3),
(K9, ED38, Cy1), (K9, ED38, Cy2), (K9, ED38, Cy3), (K9,
ED39, Cy1), (K9, ED39, Cy2), (K9, ED39, Cy3), (K9, ED40,
Cy1), (K9, ED40, Cy2), (K9, ED40, Cy3), (K9, ED41, Cy1),
(K9, ED41, Cy2), (K9, ED41, Cy3), (K9, ED42, Cy1), (K9,
ED42, Cy2), (K9, ED42, Cy3), (K9, ED43, Cy1), (K9, ED43,
Cy2), (K9, ED43, Cy3), (K9, ED44, Cy1), (K9, ED44, Cy2),
(K9, ED44, Cy3), (K9, ED45, Cy1), (K9, ED45, Cy2), (K9,
ED45, Cy3), (K9, ED46, Cy1), (K9, ED46, Cy2), (K9, ED46,
Cy3), (K9, ED47, Cy1), (K9, ED47, Cy2), (K9, ED47, Cy3),
(K9, ED48, Cy1), (K9, ED48, Cy2), (K9, ED48, Cy3), (K9,
ED49, Cy1), (K9, ED19, Cy2), (K9, ED49, Cy3), (K9, ED50,
Cy1), (K9, ED50, Cy2), (K9, ED50, Cy3), (K9, ED51, Cy1),
(K9, ED51, Cy2), (K9, ED51, Cy3), (K9, ED52, Cy1), (K9,
ED52, Cy2). (K9, ED52, Cy3), (K9, ED53, Cy1), (K9, ED53,
Cy2), (K9, ED53, Cy3), (K9, ED54, Cy1), (K9, ED54, Cy2),
(K9, ED54, Cy3), (K9, EDS55, Cy1), (K9, ED55, Cy2), (K9,
ED55, Cy3). (K9, ED56, Cy1), (K9, ED56, Cy2), (K9, ED536,
Cy3), (K9, ED57, Cy1), (K9, ED57, Cy2), (K9, ED57, Cy3),
(K9, ED58, Cy1), (K9, ED58, Cy2), (K9, ED58, Cy3), (K9,
ED59, Cyl), (K9, ED5S, Cy2), (K9, ED59, Cy3), (K9, ED60,
Cy1), (K9, ED60, Cy2), (K9, ED60, Cy3), (K9, ED61, Cy1),
(K9, ED61, Cy2), (K9, ED61, Cy3), (K9, ED62, Cy1), (K9,
ED62, Cy2). (K9, ED62, Cy3), (K9, ED63, Cy1), (K9, ED63,
Cy2), (K9, ED63, Cy3), (K9, ED64, Cy1), (K9, ED64, Cy2),
(K9, ED64, Cy3), (K9, ED65, Cy1), (K9, ED65, Cy2), (K9,
ED65, Cy3). (K9, ED66, Cy1), (K9, ED66, Cy2), (K9, ED66,
Cy3), (K9, ED67, Cy1), (K9, ED67, Cy2), (K9, ED67, Cy3),
(K9, ED68, Cy1), (K9, ED68, Cy2), (K9, ED68, Cy3), (K9,
ED69, Cy1), (K9, ED69, Cy2), (K9, ED69, Cy3), (K9, ED70,
Cyl), (K9, ED70, Cy2), (K9, ED70, Cy3), (K9, ED71, Cy1),
(K9, ED71, Cy2), (K9, ED71, Cy3), (K9, ED72, Cy1), (K9,
ED72, Cy2). (K9, ED72, Cy3), (K9, ED73,Cy1), (K9, ED73,
Cy2), (K9, ED73, Cy3), (K9, ED74, Cy1), (K9, ED74, Cy2),
(K9, ED74, Cy3), (By, ED75, Cy1), (K9, ED75, Cy2), (K9,
ED75, Cy3). (K9, ED76, Cy1), (K9, ED76, Cy2), (K9, ED76,
Cy3), (K9, ED77, Cy1), (K9, ED77, Cy2), (K9, ED77, Cy3),
(K9, ED78, Cy1), (K9, ED78, Cy2), (K9, ED78, Cy3), (K9,
ED79, Cy1), (K9, ED79, Cy2), (K9, ED79, Cy3), (K9, EDS0,
Cyl), (K9, ED80, Cy2), (K9, ED80, Cy3), (K9, ED81, Cy1),
(K9, ED81, Cy2), (K9, ED81, Cy3), (K9, EDS2, Cy1), (K9,
EDS2, Cy2), (K9, ED82, Cy3), (K9, ED83, Cy1), (K9, EDS3,
Cy2), (K9, ED83, Cy3), (K9, ED84, Cy1), (K9, ED84, Cy2),
(K9, ED84, Cy3), (K9, ED85, Cy1), (K9, ED85, Cy2), (K9,
ED85, Cy3), (K9, ED86, Cy1), (K9, ED86, Cy2), (K9, EDS6,
Cy3), (K9, ED87, Cy1), (K9, ED87, Cy2), (K9, ED87, Cy3),
(K9, EDS8, Cy1), (K9, ED88, Cy2), (K9, EDS88, Cy3), (K9,
EDR9, Cy1), (K9, ED89, Cy2), (K9, ED89, Cy3), (K9, ED90,
Cy1), (K9, ED90, Cy2), (K9, ED90, Cy3), (K9, ED91, Cy1),
(K9, ED91, Cy2), (K9, ED91, Cy3), (K9, ED92, Cy1), (K9,
ED92, Cy2), (K9, ED92, Cy3),

(K10, ED1, Cyl), (K10, ED1, Cy2), (K10, ED1, Cy3).
(K10, ED2, Cy1), (K10, ED2, Cy2), (K10, ED2, Cy3), (K10,
ED3, Cyl), (K10, ED3, Cy2), (K10, ED3, Cy3), (K10, ED4,
Cyl), (K10, ED4, Cy2), (K10, ED4, Cy3), (K10, ED5, Cy1),
(K10, EDS5, Cy2), (K10, ED5, Cy3), (K10, ED6, Cy1), (K10,
ED6, Cy2), (K10, ED6, Cy3), (K10, ED7, Cy1), (K10, ED7,
Cy2), (K10, ED7, Cy3), (K10, ED8, Cy1), (K10, ED8, Cy2),
(K10, ED8, Cy3), (K10, ED9, Cy1), (K10, ED9, Cy2), (K10,
ED9, Cy3), (K10, ED10, Cyl), (K10, ED10, Cy2), (K10,
ED10, Cy3), (K10, ED11, Cyl), (K10, ED11, Cy2), (K10,
ED11, Cy3), (K10, ED12, Cy1), (K10, ED12, Cy2), (K10,
ED1.2, Cy3), (K10, ED13, Cyl), (K10, ED13, Cy2), (K10,
ED13, Cy3), (K10, ED14, Cy1), (K10, ED14, Cy2), (K10,
ED14, Cy3), (K10, ED15, Cy1), (K10, ED15, Cy2), (K10,
ED15, Cy3), (K10, ED16, Cyl1), (K10, ED16, Cy2), (K10,
ED16, Cy3), (K10, ED17, Cy1), (K10, ED17, Cy2), (K10,
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ED17, Cy3), (K10, EDI18, Cyl), (K10, ED18, Cy2), (K10,
EDI8, Cy3), (K10, ED19, Cy1), (K10, ED19, Cy2), (K10,
ED19, Cy3), (K10, ED20, Cy1), (K10, ED20, Cy2), (K10,
ED20, Cy3), (K10, ED21, Cyl), (K10, ED21, Cy2), (K10,
ED21, Cy3), (K10, ED22, Cyl), (K10, ED22, Cy2), (K10,
ED22, Cy3), (K10, ED23, Cyl), (K10, ED23, Cy2), (K10,
ED23, Cy3), (K10, ED24, Cy1), (K10, ED24, Cy2), (K10,
ED24, Cy3), (K10, ED25, Cyl), (K10, ED25, Cy2), (K10,
ED25, Cy3), (K10, ED26, Cy1), (K10, ED26, Cy2), (K10,
ED26, Cy3), (K10, ED27, Cy1), (K10, ED27, Cy2), (K10,
ED27, Cy3), (K10, ED28, Cyl), (K10, ED28, Cy2), (K10,
ED28, Cy3), (K10, ED29, Cy1), (K10, ED29, Cy2), (K10,
ED29, Cy3), (K10, ED30, Cy1), (K10, ED30, Cy2), (K10,
ED30, Cy3), (K10, ED31, Cy1), (K10, ED31, Cy2), (K10,
ED31, Cy3), (K10, ED32, Cyl), (K10, ED32, Cy2), (K10,
ED32, Cy3), (K10, ED33, Cy1), (K10, ED33, Cy2), (K10,
ED33, Cy3), (K10, ED34, Cyl), (K10, ED34, Cy2), (K10,
ED34, Cy3), (K10, ED35, Cyl), (K10, ED35, Cy2), (K10,
ED35, Cy3), (K10, ED36, Cy1), (K10, ED36, Cy2), (K10,
ED36, Cy3), (K10, ED37, Cyl), (K10, ED37, Cy2), (K10,
ED37, Cy3), (K10, ED38, Cyl), (K10, ED38, Cy2), (K10,
ED38, Cy3), (K10, ED39, Cy1), (K10, ED39, Cy2), (K10,
ED39, Cy3), (K10, ED40, Cy1), (K10, ED40, Cy2), (K10,
ED40, Cy3), (K10, ED41, Cy1), (K10, ED41, Cy2), (K10,
ED41, Cy3), (K10, ED42, Cy1), (K10, ED42, Cy2), (K10,
ED42, Cy3), (K10, ED43, Cy1), (K10, ED43, Cy2), (K10,
ED43, Cy3), (K10, ED44, Cy1), (K10, ED44, Cy2), (K10,
ED44, Cy3), (K10, ED45, Cy1), (K10, ED45, Cy2), (K10,
ED45, Cy3), (K10, ED46, Cy1), (K10, ED46, Cy2), (K10,
ED46, Cy3), (K10, ED47, Cy1), (K10, ED47, Cy2), (K10,
ED47, Cy3), (K10, ED48, Cyl), (K10, ED48, Cy2), (K10,
ED48, Cy3), (K10, ED49, Cy1), (K10, ED49, Cy2), (K10,
ED49, Cy3), (K10, ED50, Cy1), (K10, ED50, Cy2), (K10,
ED50, Cy3), (K10, ED51, Cyl), (K10, ED51, Cy2), (K10,
ED51, Cy3), (K10, ED52, Cyl), (K10, ED52, Cy2), (K10,
ED52, Cy3), (K10, ED53, Cyl), (K10, ED53, Cy2), (K10,
ED53, Cy3), (K10, ED54, Cy1), (K10, ED54, Cy2), (K10,
ED54, Cy3), (K10, ED55, Cy1), (K10, ED55, Cy2), (K10,
ED55, Cy3), (K10, ED56, Cy1), (K10, ED56, Cy2), (K10,
ED56, Cy3), (K10, ED57, Cyl), (K10, ED57, Cy2), (K10,
ED57, Cy3), (K10, ED58, Cyl), (K10, ED58, Cy2), (K10,
ED58, Cy3), (K10, ED59, Cy1), (K10, ED59, Cy2), (K10,
ED59, Cy3), (K10, ED60, Cy1), (K10, ED60, Cy2), (K10,
ED60, Cy3), (K10, ED61, Cy1), (K10, ED61, Cy2), (K10,
ED61, Cy3), (K10, ED62, Cy1), (K10, ED62, Cy2), (K10,
ED62, Cy3), (K10, ED63, Cyl), (K10, ED63, Cy2), (K10,
ED63, Cy3), (K10, ED64, Cy1), (K10, ED64, Cy2), (K10,
ED64, Cy3), (K10, ED65, Cy1), (K10, ED65, Cy2), (K10,
ED65, Cy3), (K10, ED66, Cy1), (K10, ED66, Cy2), (K10,
ED66, Cy3), (K10, ED67, Cyl), (K10, ED67, Cy2), (K10,
ED67, Cy3), (K10, ED68, Cyl), (K10, ED68, Cy2), (K10,
ED68, Cy3), (K10, ED69, Cy1), (K10, ED69, Cy2), (K10,
ED69, Cy3), (K10, ED70, Cy1), (K10, ED70, Cy2), (K10,
ED70, Cy3), (K10, ED71, Cyl), (K10, ED71, Cy2), (K10,
ED71, Cy3), (K10, ED72, Cyl), (K10, ED72, Cy2), (K10,
ED72, Cy3), (K10, ED73, Cyl), (K10, ED73, Cy2), (K10,
ED73, Cy3), (K10, ED74, Cyl), (K10, ED74, Cy2), (K10,
ED74, Cy3), (K10, ED75, Cyl), (K10, ED75, Cy2), (K10,
ED75, Cy3), (K10, ED76, Cyl), (K10, ED76, Cy2), (K10,
ED76, Cy3), (K10, ED77, Cyl), (K10, ED77, Cy2), (K10,
ED77, Cy3), (K10, ED78, Cyl), (K10, ED78, Cy2), (K10,
ED78, Cy3), (K10, ED79, Cyl), (K10, ED79, Cy2), (K10,
ED79, Cy3), (K10, ED80, Cy1), (K10, EDS0, Cy2), (K10,
EDS0, Cy3), (K10, ED81, Cy1), (K10, ED81, Cy2), (K10,
ED81, Cy3), (K10, ED82, Cyl), (K10, EDS2, Cy2), (K10,
EDS2, Cy3), (K10, ED83, Cy1), (K10, ED83, Cy2), (K10,
EDS3, Cy3), (K10, ED84, Cy1), (K10, ED84, Cy2), (K10,
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ED84, Cy3), (K10, ED85, Cy1), (K10, EDS85, Cy2), (K10,
EDS5, Cy3), (K10, ED86, Cy1), (K10, ED86, Cy2), (K10,
EDS6, Cy3), (K10, ED87, Cy1), (K10, ED87, Cy2), (K10,
EDS7, Cy3), (K10, ED88, Cy1), (K10, EDSS, Cy2), (K10,
EDS8, Cy3), (K10, ED89, Cy1), (K10, ED89, Cy2), (K10,
EDR9, Cy3), (K10, ED90, Cy1), (K10, ED90, Cy2), (K10,
ED90, Cy3), (K10, ED91, Cy1), (K10, ED91, Cy2), (K10,
ED91, Cy3), (K10, ED92, Cy1), (K10, ED92, Cy2), (K10,
ED92, Cy3), (K11, EDI,Cy1), (K11,ED1,Cy2), (K11,EDI,
Cy3), (K11, ED2, Cy1), (K11, ED2, Cy2), (K11, ED2, Cy3),
(K11, ED3, Cyl), (K11, ED3, Cy2), (K11, ED3, Cy3), (K11,
ED4, Cyl), (K11, ED4, Cy2), (K11, ED4, Cy3), (K11, ED5,
Cyl), (K11, ED5, Cy2), (K11, EDS5, Cy3), (K11, ED6, Cy1),
(K11, ED6, Cy2), ED6, Cy3), (K11, ED7, Cy1), (K11, ED7,
Cy2), (K11, ED7, Cy3), (K11, ED8, Cyl), (K11, ED8, Cy2),
(K11, EDS8, Cy3), (K11, ED9, Cyl), (K11, ED9, Cy2), (K11,
ED9, Cy3), (K11, ED10, Cyl), (K11, ED10, Cy2), (K11,
ED10, Cy3), (K11, ED11, Cyl), (K11, ED11, Cy2), ED11,
Cy3), (K11, ED12, Cyl), (K11, ED12, Cy2), (K11, ED12,
Cy3), (K11, EDI13, Cyl), (K11, ED13, Cy2), (K11, ED13,
Cy3), (K11, ED14, Cyl), (K11, ED14, Cy2), (K11, ED14,
Cy3), (K11, EDI15, Cyl), (K11, ED15, Cy2), (K11, ED15,
Cy3), (K11, ED16, Cyl), (K11, ED16, Cy2), (K11, ED16,
Cy3), ED17, Cyl), (K11, ED17, Cy2), (K11, ED17, Cy3),
(K11, EDIS, Cyl), (K11, ED18, Cy2), (K11, EDI1S8, Cy3),
(K11, ED19, Cyl), (K11, ED19, Cy2), (K11, ED19, Cy3),
(K11, ED20, Cyl), (K11, ED20, Cy2), (K11, ED20, Cy3),
(K11, ED21, Cyl), (K11, ED21, Cy2), (K11, ED21, Cy3),
(K11, ED22, Cyl), (K11, ED22, Cy2), (K11, ED22, Cy3),
(K11, ED23, Cyl), (K11, ED23, Cy2), (K11, ED23, Cy3),
(K11, ED24, Cyl), (K11, ED24, Cy2), (K11, ED24, Cy3),
(K11, ED25, Cyl), (K11, ED25, Cy2), (K11, ED25, Cy3),
(K11, ED26, Cyl), (K11, ED26, Cy2), (K11, ED26, Cy3),
(K11, ED27, Cyl), (K11, ED27, Cy2), (K11, ED27, Cy3),
(K11, ED28, Cyl), (K11, ED28, Cy2), (K11, ED28, Cy3),
(K11, ED29, Cyl), (K11, ED29, Cy2), (K11, ED29, Cy3),
(K11, ED30, Cyl), (K11, ED30, Cy2), (K11, ED30, Cy3),
(K11, ED31, Cyl), (K11, ED31, Cy2), (K11, ED31, Cy3),
(K11, ED32, Cyl), (K11, ED32, Cy2), (K11, ED32, Cy3),
(K11, ED33, Cyl), (K11, ED33, Cy2), (K11, ED33, Cy3),
(K11, ED34, Cyl), (K11, ED34, Cy2), (K11, ED34, Cy3),
(K11, ED35, Cyl), (K11, ED35, Cy2), (K11, ED35, Cy3),
(K11, ED36, Cyl), (K11, ED36, Cy2), (K11, ED36, Cy3),
(K11, ED37, Cyl), (K11, ED37, Cy2), (K11, ED37, Cy3),
(K11, ED38, Cyl), (K11, ED38, Cy2), (K11, ED38, Cy3),
(K11, ED39, Cyl), (K11, ED39, Cy2), (K11, ED39, Cy3),
(K11, ED40, Cy1), (K11, ED40, Cy2), (K11, ED40, Cy3),
(K11, ED41, Cyl), (K11, ED41, Cy2), (K11, ED41, Cy3),
(K11, ED42, Cyl), (K11, ED42, Cy2), (K11, ED42, Cy3),
(K11, ED43, Cyl), (K11, ED43, Cy2), (K11, ED43, Cy3),
(K11, ED44, Cyl), (K11, ED44, Cy2), (K11, ED44, Cy3),
(N11, ED45, Cyl), (K11, ED45, Cy2), (K11, ED45, Cy3),
(K11, ED46, Cy1), (K11, ED46, Cy2), (K11, ED46, Cy3),
(K11, ED47, Cyl), (K11, ED47, Cy2), (K11, ED47, Cy3),
(K11, ED48, Cyl), (K11, ED48, Cy2), (K11, ED48, Cy3),
(K11, ED49, Cy1), (K11, ED49, Cy2), (K11, ED49, Cy3),
(K11, ED50, Cy1), (K11, ED50, Cy2), (K11, ED50, Cy3),
(K11, ED51, Cyl), (K11, ED51, Cy2), (K11, ED51, Cy3),
(K11, ED52, Cyl), (K11, ED52, Cy2), (K11, ED52, Cy3),
(K11, ED53, Cyl), (K11, ED53, Cy2), (K11, ED53, Cy3),
(K11, ED51, Cyl), (K11, ED54, Cy2), (K11, ED54, Cy3),
(K11, ED55, Cyl), (K11, ED55, Cy2), (K11, ED55, Cy3),
(K11, ED56, Cyl), (K11, ED56, Cy2), (K11, ED56, Cy3),
(K11, ED57, Cyl), (K11, ED57, Cy2), (K11, ED57, Cy3),
(K11, ED58, Cyl), (K11, ED58, Cy2), (K11, ED58, Cy3),
(K11, ED59, Cyl), (K11, ED59, Cy2), (K11, ED59, Cy3),
(K11, ED60, Cy1), (K11, ED60, Cy2), (K11, ED60, Cy3),
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(K11, ED61, Cyl), (K11, ED61, Cy2), (K11, ED61, Cy3),
(K11, ED62, Cyl), (K11, ED62, Cy2), (K11, ED62, Cy3),
(K11, ED63, Cyl), (K11, ED63, Cy2), (K11, ED63, Cy3),
(K11, ED64, Cy1), (K11, ED64, Cy2), (K11, ED64, Cy3),
(K1, BD65, Cyl), (K11, ED65, Cy2), (K11, ED65, Cy3),
(K11, ED66, Cyl), (K11, ED66, Cy2), (K11, ED66, Cy3),
(K11, ED67, Cyl), (K11, ED67, Cy2), (K11, ED67, Cy3),
(K11, ED68, Cyl), (K11, ED68, Cy2), (K11, ED68, Cy3),
(K11, ED69, Cyl), (K11, ED69, Cy2), (K11, ED69, Cy3),
(K11, ED70, Cy1), (K11, ED70, Cy2), (K11, ED70, Cy3),
(K11, ED71, Cyl), (K11, ED71, Cy2), (K11, ED71, Cy3),
(K11, ED72, Cyl), (K11, ED72, Cy2), (K11, ED72, Cy3),
(K11, ED73, Cyl), (K11, ED73, Cy2), (K11, ED73, Cy3),
(K11, ED74, Cyl), (K11, ED74, Cy2), (K11, ED74, Cy3),
(K11, ED75, Cyl), (K11, ED75, Cy2), (K11, ED75, Cy3),
(K11, ED76, Cyl), (K11, ED76, Cy2), (K11, ED76, Cy3),
(K11, ED77, Cyl), (K11, ED77, Cy2), (K11, ED77, Cy3),
(K11, ED78, Cyl), (K11, ED78, Cy2), (K11, ED78, Cy3),
(K11, ED79, Cyl), (K11, ED79, Cy2), (K11, ED79, Cy3),
(K11, ED80, Cy1), (K11, ED80, Cy2), (K11, ED80, Cy3),
(K11, ED81, Cyl), (K11, ED81, Cy2), (K11, ED81, Cy3),
(K11, ED82, Cyl), (K11, ED82, Cy2), (K11, ED82, Cy3),
(K11, ED83, Cyl), (K11, ED83, Cy2), (K11, ED83, Cy3),
(K11, ED84, Cy1) (K11, ED84, Cy2), (K11, ED84, Cy3),
(K11, ED85, Cyl), (K11, ED85, Cy2), (K11, ED85, Cy3),
(K11, ED86, Cyl), (K11, ED86, Cy2), (K11, ED86, Cy3),
(K11, ED87, Cyl), (K11, ED87, Cy2), (K11, ED87, Cy3),
(K11, ED88, Cyl), (K11, EDS88, Cy2), (K11, ED88, Cy3),
(K11, ED89, Cyl), (K11, ED89, Cy2), (K11, ED89, Cy3),
(K11, ED90, Cy1), (K11, ED90, Cy2), (K11, ED90, Cy3),
(K11, ED91, Cy1), (K11, ED91, Cy2), (K11, ED91, Cy3),
(K11, ED92, Cyl), (K11, ED92, Cy2), (K11, ED92, Cy3)

(K12, EDI, Cyl), (K12, ED1, Cy2), (K12, ED1, Cy3),
(K12, ED2, Cyl), (K12, ED2, Cy2), (K12, ED2, Cy3), (K12,
ED3, Cyl), (K12, ED3, Cy2), (K12, ED3, Cy3), (K12, ED4,
Cyl), (K12, ED4, Cy2), (K12, ED4, Cy3), (K12, ED5, Cy1),
(K12, EDS, Cy2), (K12, ED5, Cy3), (K12, ED6, Cy1), (K12,
ED6, Cy2), (K12, ED6, Cy3), (K12, ED7, Cy1), (K12, ED7,
Cy2), (K12, ED7, Cy3), (K12, EDS5, Cyl), (K12, ED5, Cy2),
(K12, EDS, Cy3), (K12, ED9, Cy1), (K12, ED9, Cy2), (K12,
ED9, Cy3), (K12, ED10, Cyl), (K12, ED10, Cy2), (K12,
ED10, Cy3), (K12, ED11, Cyl), (K12, ED11, Cy2), (K12,
ED11, Cy3), (K12, ED12, Cyl), (K12, ED12, Cy2), (K12,
ED12, Cy3), (K12, ED13, Cyl), (K12, ED13, Cy2), (K12,
ED13, Cy3), (K12, ED14, Cyl), (K12, ED14, Cy2), (K12,
ED14, Cy3), (K12, ED15, Cyl), (K12, ED15, Cy2), (K12,
ED15, Cy3), (K12, ED16, Cyl), (K12, ED16, Cy2), (K12,
ED16, Cy3), (K12, ED17, Cyl) (K12, ED17, Cy2), (K12,
ED17, Cy3), (K12, EDIS8, Cyl), (K12, ED18, Cy2), (K12,
EDI8, Cy3), (K12, ED19, Cyl), (K12, ED19, Cy2), (K12,
ED19, Cy3) (K12, ED20, Cyl), (K12, ED20, Cy2), (K12,
ED20, Cy3), (K12, ED21, Cyl), (K12, ED21, Cy2), (K12,
ED21, Cy3), (K12, ED22, Cyl), (K12, ED22, Cy2), (K12,
ED22, Cy3), (K12, ED23, Cyl), (K12, ED23, Cy2), (K12,
ED23, Cy3), (K12, ED24, Cyl), (K12, ED24, Cy2), (K12,
ED24, Cy3), (K12, ED25, Cyl), (K12, ED25, Cy2), (K12,
ED25, Cy3), (K12, ED26, Cyl), (K12, ED26, Cy2), (K12,
ED26, Cy3), (K12, ED27, Cyl), (K12, ED27, Cy2), (K12,
ED27, Cy3), (K12, ED28, Cyl), (K12, ED28, Cy2), (K12,
ED28, Cy3), (K12, ED29, Cyl), (K12, ED29, Cy2), (K12,
ED29, Cy3), (K12, ED30, Cy1), (K12, ED30, Cy2), (K12,
ED30, Cy3), (K12, ED31, Cyl), (K12, ED31, Cy2), (K12,
ED31, Cy3), (K12, ED32, Cyl), (K12, ED32, Cy2), (K12,
ED32, Cy3), (K12, ED33, Cyl), (K12, ED33, Cy2), (K12,
ED33, Cy3), (K12, ED34, Cyl), (K12, ED34, Cy2), (K12,
ED34, Cy3), (K12, ED35, Cyl), (K12, ED35, Cy2), (K12,
ED35, Cy3), (K12, ED36, Cyl), (K12, ED36, Cy2), (K12,



US 9,145,425 B2

445

ED36, Cy3), (K12, ED37, Cyl), (K12, ED37, Cy2), (K12,
ED37, Cy3), (K12, ED38, Cyl), (K12, ED38, Cy2), (K12,
ED38, Cy3), (K12, ED39, Cy1), (K12, ED39, Cy2), (K12,
ED39, Cy3), (K12, ED40, Cy1), (K12, ED40, Cy2), (K12,
ED40, Cy3), (K12, ED41, Cy1), (K12, ED41, Cy2), (K12,
ED41, Cy3), (K12, ED42, Cy1), (K12, ED42, Cy2), (K12,
ED42, Cy3), (K12, ED43, Cyl1), (K12, ED43, Cy2), (K12,
ED43, Cy3), (K12, ED44, Cy1), (K12, ED44, Cy2), (K12,
ED44, Cy3), (K12, ED45, Cy1), (K12, ED45, Cy2), (K12,
ED45, Cy3), (K12, ED46, Cy1), (K12, ED46, Cy2), (K12,
ED46, Cy3), (K12, ED47, Cy1), (K12, ED47, Cy2), (K12,
ED47, Cy3), (K12, ED48, Cy1), (K12, ED48, Cy2), (K12,
ED48, Cy3), (K12, ED49, Cy1), (K12, ED49, Cy2), (K12,
ED49, Cy3), (K12, ED50, Cy1), (K12, ED50, Cy2), (K12,
ED50, Cy3), (K12, ED51, Cyl1), (K12, ED51, Cy2), (K12,
ED51, Cy3), (K12, ED52, Cyl), (K12, ED52, Cy2), (K12,
ED52, Cy3), (K12, ED53, Cyl), (K12, ED53, Cy2), (K12,
ED53, Cy3), (K12, ED54, Cyl1), (K12, ED54, Cy2), (K12,
ED54, Cy3), (K12, ED55, Cyl), (K12, ED55, Cy2), (K12,
ED55, Cy3), (K12, ED56, Cyl), (K12, ED56, Cy2), (K12,
ED56, Cy3), (K12, ED57, Cyl), (K12, ED57, Cy2), (K12,
ED57, Cy3), (K12, ED58, Cyl), (K12, ED58, Cy2), (K12,
ED58, Cy3), (K12, ED59, Cy1), (K12, ED59, Cy2), (K12,
ED59, Cy3), (K12, ED60, Cy1), (K12, ED60, Cy2), (K12,
ED60, Cy3), (K12, ED61, Cyl), (K12, ED61, Cy2), (K12,
ED61, Cy3), (K12, ED62, Cyl), (K12, ED62, Cy2), (K12,
ED62, Cy3), (K12, ED63, Cyl), (K12, ED63, Cy2), (K12,
ED63, Cy3), (K12, ED64, Cy1), (K12, ED64, Cy2), (K12,
ED64, Cy3), (K12, ED65, Cyl), (K12, ED65, Cy2), (K12,
ED65, Cy3), (K12, ED66, Cyl1), (K12, ED66, Cy2), (K12,
ED66, Cy3), (K12, ED67, Cyl), (K12, ED67, Cy2), (K12,
ED67, Cy3), (K12, ED68, Cyl), (K12, ED68, Cy2), (K12,
ED68, Cy3), (K12, ED69, Cy1), (K12, ED69, Cy2), (K12,
ED69, Cy3), (K12, ED70, Cy1), (K12, ED70, Cy2), (K12,
ED70, Cy3), (K12, ED71, Cyl), (K12, ED71, Cy2), (K12,
ED71, Cy3), (K12, ED72, Cyl), (K12, ED72, Cy2), (K12,
ED72, Cy3), (K12, ED73, Cyl), (K12, ED73, Cy2), (K12,
ED73, Cy3), (K12, ED74, Cyl), (K12, ED74, Cy2), (K12,
ED74, Cy3), (K12, ED75, Cyl), (K12, ED75, Cy2), (K12,
ED75, Cy3), (K12, ED76, Cyl), (K12, ED76, Cy2), (K12,
ED76, Cy3), (K12, ED77, Cyl), (K12, ED77, Cy2), (K12,
ED77, Cy3), (K12, ED78, Cyl), (K12, ED78, Cy2), (K12,
ED78, Cy3), (K12, ED79, Cyl), (K12, ED79, Cy2), (K12,
ED79, Cy3), (K12, ED80, Cy1), (K12, EDS0, Cy2), (K12,
EDR0, Cy3), (K12, ED81, Cy1), (K12, ED81, Cy2), (K12,
ED81, Cy3), (K12, ED82, Cyl), (K12, EDS2, Cy2), (K12,
EDS2, Cy3), (K12, ED83, Cy1), (K12, ED83, Cy2), (K12,
EDS3, Cy3), (K12, ED84, Cyl1), (K12, ED84, Cy2), (K12,
ED84, Cy3), (K12, ED85, Cy1), (K12, ED85, Cy2), (K12,
EDS5, Cy3), (K12, ED86, Cy1), (K12, ED86, Cy2), (K12,
EDS6, Cy3), (K12, ED87, Cyl), (K12, ED87, Cy2), (K12,
EDR7, Cy3), (K12, ED88, Cy1), (K12, EDSS, Cy2), (K12,
EDS8, Cy3), (K12, ED89, Cy1), (K12, ED89, Cy2), (K12,
EDR9, Cy3), (K12, ED90, Cy1), (K12, ED90, Cy2), (K12,
ED90, Cy3), (K12, ED91, Cy1), (K12, ED91, Cy2), (K12,
ED91, Cy3), (K12, ED92, Cy1), (K12, ED92, Cy2), (K12,
ED92, Cy3),

(K13, ED1, Cyl), (K13, ED1, Cy2), (K13, ED1, Cy3).
(K13, ED2, Cyl), (K13, ED2, Cy2), (K13, ED2, Cy3), (K13,
ED3, Cyl), (K13, ED3, Cy2), (K13, ED3, Cy3), (K13, ED4,
Cyl), (K13, ED4, Cy2), (K13, ED4, Cy3), (K13, ED5, Cy1),
(K13, EDS5, Cy2), (K13, EDS5, Cy3), (K13, ED6, Cy1), (K13,
ED6, Cy2), (K13, ED6, Cy3), (K13, ED7, Cyl), (K13, ED7,
Cy2), (K13, ED7, Cy3), (K13, EDS5, Cyl), (K13, ED8, Cy2),
(K13, EDS8, Cy3), (K13, ED9, Cy1), (K13, ED9, Cy2), (K13,
ED9, Cy3), (K13, ED10, Cyl), (K13, ED10, Cy2), (K13,
ED10, Cy3), (K13, EDI11, Cyl), (K13, ED11, Cy2), (K13,
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ED11, Cy3), (K13, ED12, Cyl), (K13, ED12, Cy2), (K13,
ED12, Cy3), (K13, ED13, Cyl), (K13, ED13, Cy2), (K13,
ED13, Cy3), (K13, ED14, Cyl), (K13, ED14, Cy2), (K13,
ED14, Cy3), (K13, ED15, Cyl), (K13, ED15, Cy2), (K13,
ED15, Cy3), (K13, ED16, Cyl), (K13, ED16, Cy2), (K13,
ED16, Cy3), (K13, ED17, Cyl), (K13, ED17, Cy2), (K13,
ED17, Cy3), (K13, EDI18, Cyl), (K13, ED18, Cy2), (K13,
EDI8, Cy3), (K13, ED19, Cyl), (K13, ED19, Cy2), (K13,
ED19, Cy3), (K13, ED20, Cy1), (K13, ED20, Cy2), (K13,
ED20, Cy3), (K13, ED21, Cyl), (K13, ED21, Cy2), (K13,
ED21, Cy3), (K13, ED22, Cyl), (K13, ED22, Cy2), (K13,
ED22, Cy3), (K13, ED23, Cyl), (K13, ED23, Cy2), (K13,
ED23, Cy3), (K13, ED24, Cyl), (K13, ED24, Cy2), (K13,
ED24, Cy3), (K13, ED25, Cyl), (K13, ED25, Cy2), (K13,
ED25, Cy3), (K13, ED26, Cyl), (K13, ED26, Cy2), (K13,
ED26, Cy3), (K13, ED27, Cyl), (K13, ED27, Cy2), (K13,
ED27, Cy3), (K13, ED28, Cyl), (K13, ED28, Cy2), (K13,
ED28, Cy3), (K13, ED29, Cyl), (K13, ED29, Cy2), (K13,
ED29, Cy3), (K13, ED30, Cy1), (K13, ED30, Cy2), (K13,
ED30, Cy3), (K13, ED31, Cyl), (K13, ED31, Cy2), (K13,
ED31, Cy3), (K13, ED32, Cyl), (K13, ED32, Cy2), (K13,
ED32, Cy3), (K13, ED33, Cyl), (K13, ED33, Cy2), (K13,
ED33, Cy3), (K13, ED34, Cyl), (K13, ED34, Cy2), (K13,
ED34, Cy3), (K13, ED35, Cyl), (K13, ED35, Cy2), (K13,
ED35, Cy3), (K13, ED36, Cyl), (K13, ED36, Cy2), (K13,
ED36, Cy3), (K13, ED37, Cyl), (K13, ED37, Cy2), (K13,
ED37, Cy3), (K13, ED38, Cyl), (K13, ED38, Cy2), (K13,
ED38, Cy3), (K13, ED39, Cyl), (K13, ED39, Cy2), (K13,
ED39, Cy3), (K13, ED40, Cy1), (K13, ED40, Cy2), (K13,
ED40, Cy3), (K13, ED41, Cyl), (K13, ED41, Cy2), (K13,
ED91, Cy3), (K13, ED42, Cyl), (K13, ED42, Cy2), (K13,
ED42, Cy3), (K13, ED93, Cyl), (K13, ED43, Cy2), (K13,
ED43, Cy3), (K13, ED44, Cyl), (K13, ED44, Cy2), (K13,
ED44, Cy3), (K13, ED45, Cyl), (K13, ED45, Cy2), (K13,
ED45, Cy3), (K13, ED46, Cy1), (K13, ED46, Cy2), (K13,
ED46, Cy3), (K13, ED47, Cyl), (K13, ED47, Cy2), (K13,
ED47, Cy3), (K13, ED48, Cyl), (K13, ED48, Cy2), (K13,
ED48, Cy3), (K13, ED49, Cy1), (K13, ED49, Cy2), (K13,
ED49, Cy3), (K13, ED50, Cy1), (K13, ED50, Cy2), (K13,
ED50, Cy3), (K13, ED51, Cyl), (K13, ED51, Cy2), (K13,
ED51, Cy3), (K13, ED52, Cyl), (K13, ED52, Cy2), (K13,
ED52, Cy3), (K13, ED53, Cyl), (K13, ED53, Cy2), (K13,
ED53, Cy3), (K13, ED59, Cyl), (K13, ED59, Cy2), (K13,
ED54, Cy3), (K13, ED55, Cyl), (K13, ED55, Cy2), (K13,
ED55, Cy3), (K13, ED56, Cyl), (K13, ED56, Cy2), (K13,
ED56, Cy3), (K13, ED67, Cyl), (K13, ED57, Cy2), (K13,
ED57, Cy3), (K13, ED58, Cyl), (K13, ED58, Cy2), (K13,
ED58, Cy3), (K13, ED59, Cyl), (K13, ED59, Cy2), (K13,
ED59, Cy3), (K13, ED60, Cy1), (K13, ED60, Cy2), (K13,
ED60, Cy3), (K13, ED61, Cyl), (K13, ED61, Cy2), (K13,
ED61, Cy3), (K13, ED62, Cyl), (K13, ED62, Cy2), (K13,
ED62, Cy3), (K13, ED63, Cyl), (K13, ED63, Cy2), (K13,
ED63, Cy3), (K13, ED64, Cyl), (K13, ED64, Cy2), (K13,
ED64, Cy3), (K13, ED65, Cyl), (K13, ED65, Cy2), (K13,
ED65, Cy3), (K13, ED66, Cyl), (K13, ED66, Cy2), (K13,
ED66, Cy3), (K13, ED67, Cyl), (K13, ED67, Cy2), (K13,
ED67, Cy3), (K13, ED68, Cyl), (K13, ED68, Cy2), (K13,
ED68, Cy3), (K13, ED69, Cyl), (K13, ED69, Cy2), (K13,
ED69, Cy3), (K13, ED70, Cy1), (K13, ED70, Cy2), (K13,
ED70, Cy3), (K13, ED71, Cyl), (K13, ED71, Cy2), (K13,
ED71, Cy3), (K13, ED72, Cyl), (K13, ED72, Cy2), (K13,
ED72, Cy3), (K13, ED73, Cyl), (K13, ED73, Cy2), (K13,
ED73, Cy3), (K13, ED74, Cyl), (K13, ED74, Cy2), (K13,
ED74, Cy3), (K13, ED75, Cyl), (K13, ED75, Cy2), (K13,
ED75, Cy3), (K13, ED76, Cyl), (K13, ED76, Cy2), (K13,
ED76, Cy3), (K13, ED77, Cyl), (K13, ED77, Cy2), (K13,
ED77, Cy3), (K13, ED78, Cyl), (K13, ED78, Cy2), (K13,



US 9,145,425 B2

447

ED78, Cy3), (K13, ED79, Cyl), (K13, ED79, Cy2), (K13,
ED79, Cy3), (K13, ED80, Cy1), (K13, EDS0, Cy2), (K13,
EDS0, Cy3), (K13, ED81, Cy1), (K13, ED81, Cy2), (K13,
ED81, Cy3), (K13, ED82, Cyl), (K13, EDS2, Cy2), (K13,
EDS2, Cy3), (K13, ED83, Cy1), (K13, ED83, Cy2), (K13,
EDS3, Cy3), (K13, ED84, Cy1), (K13, ED84, Cy2), (K13,
ED84, Cy3), (K13, ED85, Cy1), (K13, EDS85, Cy2), (K13,
EDS5, Cy3), (K13, ED86, Cy1), (K13, ED86, Cy2), (K13,
EDS6, Cy3), (K13, ED87, Cyl), (K13, ED87, Cy2), (K13,
EDS7, Cy3), (K13, ED88, Cy1), (K13, EDSS, Cy2), (K13,
EDS8, Cy3), (K13, ED89, Cy1), (K13, ED89, Cy2), (K13,
EDR9, Cy3), (K13, ED90, Cy1), (K13, ED90, Cy2), (K13,
ED90, Cy3), (K13, ED91, Cy1), (K13, ED91, Cy2), (K13,
ED91, Cy3), (K13, ED92, Cy1), (K13, ED92, Cy2), (K13,
ED92, Cy3),

(K14, ED1, Cyl), (K14, ED1, Cy2), (K14, ED1, Cy3).
(K14, ED2, Cyl), (K14, ED2, Cy2), (K14, ED2, Cy1), (K14,
ED3, Cyl), (K14, ED3, Cy2), (K14, ED3, Cy3), (K14, ED4,
Cyl), (K14, ED4, Cy2), (K14, ED4, Cy3), (K14, ED5, Cy1),
(K14, EDS5, Cy2), (K14, ED5, Cy3), (K14, ED6, Cy1), (K14,
ED6, Cy2), (K14, ED6, Cy3), (K14, ED7, Cyl), (K14, ED7,
Cy2), (K14, ED7, Cy3), (K14, EDS5, Cyl), (K14, ED5, Cy2),
(K14, EDS8, Cy3), (K14, ED9, Cy1), (K14, ED9, Cy2), (K14,
Cy3), (K14, ED10, Cyl), (K14, ED10, Cy2), (K14, ED10,
Cy3), (K14, EDI11, Cyl), (K14, ED11, Cy2), (K14, ED11,
Cy3), (K14, ED12, Cyl), (K14, ED12, Cy2), (K14, ED12,
Cy3), (K14, EDI13, Cyl), (K14, ED13, Cy2), (K14, ED13,
Cy3), (K14, ED14, Cyl), (K14, ED14, Cy2), (K14, ED14,
Cy3), (K14, EDI15, Cyl), (K14, ED15, Cy2), (K14, ED15,
Cy3), (K14, ED16, Cyl), (K14, ED16, Cy2), (K14, ED16,
Cy3), (K14, ED17, Cyl), (K14, ED17, Cy2), (K14, ED17,
Cy3), (K14, EDI18, Cyl), (K14, ED18, Cy2), (K14, ED18,
Cy3), (K14, EDI19, Cyl), (K14, ED19, Cy2), (K14, ED19,
Cy3), (K14, ED20, Cy1), (K14, ED20, Cy2), (K14, ED20,
Cy3), (K14, ED21, Cyl), (K14, ED21, Cy2), (K14, ED21,
Cy3), (K14, ED22, Cyl), (K14, ED22, Cy2), (K14, ED22,
Cy3), (K14, ED23, Cyl), (K14, ED23, Cy2), (K14, ED23,
Cy3), (K14, ED24, Cyl), (K14, ED24, Cy2), (K14, ED24,
Cy3), (K14, ED25, Cyl), (K14, ED25, Cy2), (K14, ED25,
Cy3), (K14, ED26, Cyl), (K14, ED26, Cy2), (K14, ED26,
Cy3), (K14, ED27, Cyl), (K14, ED27, Cy2), (K14, ED27,
Cy3), (K14, ED28, Cyl), (K14, ED28, Cy2), (K14, ED28,
Cy3), (K14, ED29, Cyl), (K14, ED29, Cy2), (K14, ED29,
Cy3), (K14, ED30, Cyl), (K14, ED30, Cy2), (K14, ED30,
Cy3), (K14, ED31, Cyl), (K14, ED31, Cy2), (K14, ED31,
Cy3), (K14, ED32, Cyl), (K14, ED32, Cy2), (K14, ED32,
Cy3), (K14, ED33, Cyl), (K14, ED33, Cy2), (K14, ED33,
Cy3), (K14, ED34, Cyl), (K14, ED34, Cy2), (K14, ED34,
Cy3), (K14, ED35, Cyl), (K14, ED35, Cy2), (K14, ED35,
Cy3), (K14, ED36, Cyl), (K14, ED36, Cy2), (K14, ED36,
Cy3), (K14, ED37, Cyl), (K14, ED37, Cy2), (K14, ED37,
Cy3), (K14, ED38, Cyl), (K14, ED38, Cy2), (K14, ED38,
Cy3), (K14, ED39, Cyl), (K14, ED39, Cy2), (K14, ED39,
Cy3), (K14, ED40, Cy1), (K14, ED40, Cy2), (K14, ED40,
Cy3), (K14, ED41, Cyl), (K14, ED41, Cy2), (K14, ED41,
Cy3), (K14, ED42, Cyl), (K14, ED42, Cy2), (K14, ED42,
Cy3), (K14, ED43, Cyl), (K14, ED43, Cy2), (K14, ED43,
Cyl), (K14, ED44, Cyl), (K14, ED44, Cy2), (K14, ED44,
Cy3), (K14, ED45, Cyl), (K14, ED45, Cy2), (K14, ED45,
Cy3), (K14, ED46, Cyl), (K14, ED46, Cy2), (K14, ED46,
Cy3), (K14, ED47, Cyl), (K14, ED47, Cy2), (K14, ED47,
Cy3), (K14, ED48, Cyl), (K14, ED48, Cy2), (K14, ED48,
Cy3), (K14, ED49, Cyl), (K14, ED49, Cy2), (K14, ED49,
Cy3), (K14, ED50, Cyl), (K14, ED50, Cy2), (K14, ED50,
Cy3), (K14, ED51, Cyl), (K14, ED51, Cy2), (K14, ED51,
Cy3), (K14, ED52, Cyl), (K14, ED52, Cy2), (K14, ED52,
Cy3), (K14, ED53, Cyl), (K14, ED53, Cy2), (K14, ED53,
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Cy3), (K14, ED54, Cyl), (K14, ED54, Cy2), (K14, ED54,
Cy3), (K14, ED55, Cyl), (K14, ED55, Cy2), (K14, ED55,
Cy3), (K14, ED56, Cyl), (K14, ED56, Cy2), (K14, ED56,
Cy3), (K14, ED57, Cyl), (K14, ED57, Cy2), (K14, ED57,
Cy3), (K14, ED58, Cyl), (K14, ED58, Cy2), (K14, ED5S,
Cy3), (K14, ED59, Cyl), (K14, ED59, Cy2), (K14, ED59,
Cy3), (K14, ED60, Cy1), (K14, ED60, Cy2), (K14, ED60,
Cy3), (K14, ED61, Cyl), (K14, ED61, Cy2), (K14, ED61,
Cy3), (K14, ED62, Cyl), (K14, ED62, Cy2), (K14, ED62,
Cy3), (K14, ED63, Cyl), (K14, ED63, Cy2), (K14, ED63,
Cy3), (K14, ED64, Cyl), (K14, ED64, Cy2), (K14, ED64,
Cy3), (K14, ED65, Cy1), (K14, ED65, Cy2), (K14, ED65,
Cy3), (K14, ED66, Cyl), (K14, ED66, Cy2), (K14, ED66,
Cy3), (K14, ED67, Cyl), (K14, ED67, Cy2), (K14, ED67,
Cy3), (K14, ED68, Cyl), (K14, ED68, Cy2), (K14, ED6S,
Cy3), (K14, ED69, Cy1), (K14, ED69, Cy2), (K14, ED69,
Cy3), (K14, ED70, Cyl), (K14, ED70, Cy2), (K14, ED70,
Cy3), (K14, ED71, Cyl), (K14, ED71, Cy2), (K14, ED71,
Cy3), (K14, ED72, Cyl), (K14, ED72, Cy2), (K14, ED72,
Cy3), (K14, ED73, Cyl), (K14, ED73, Cy2), (K14, ED73,
Cy3), (K14, ED74, Cyl), (K14, ED74, Cy2), (K14, ED74,
Cy3), (K14, ED75, Cyl), (K14, ED75, Cy2), (K14, ED75,
Cy3), (K14, ED76, Cyl), (K14, ED76, Cy2), (K14, ED76,
Cy3), (K14, ED77, Cyl), (K14, ED77, Cy2). (K14, ED77,
Cy3), (K14, ED78, Cyl), (K14, ED78, Cy2), (K14, ED78,
Cy3), (K14, ED79, Cyl), (K14, ED79, Cy2), (K14, ED79,
Cy3), (K14, EDS80, Cy1), (K14, ED80, Cy2), (K14, EDS0,
Cy3), (K14, ED81, Cyl), (K14, ED81, Cy2), (K14, ED81,
Cy3), (K14, ED82, Cyl), (K14, ED82, Cy2), (K14, EDS2,
Cy3), (K14, EDS83, Cyl), (K14, ED83, Cy2), (K14, ED84,
Cy3), (K14, ED84, Cyl), (K14, ED84, Cy2), (K14, ED84,
Cy3), (K14, EDS85, Cyl), (K14, ED85, Cy2), (K14, EDS5,
Cy3), (K14, EDS86, Cyl), (K14, ED86, Cy2), (K14, EDS6,
Cy3), (K14, ED87, Cyl), (K14, ED87, Cy2), (K14, EDS7,
Cy3), (K14, EDS88, Cyl), (K14, ED8S, Cy2), (K14, EDSS,
Cy3), (K14, ED89, Cyl), (K14, ED89, Cy2), (K14, EDS9,
Cy3), (K14, ED90, Cy1), (K14, ED90, Cy2), (K14, ED90,
Cy3), (K14, ED91, Cy1), (K14, ED91, Cy2), (K14, EDO1,
Cy3), (K14, ED92, Cyl), (K14, ED92, Cy2), (K14, ED92,
Cy3)

(K15, EDI, Cyl), (K15, ED1, Cy2), (K15, ED1, Cy3),
(K15, ED2, Cyl), (K15, ED2, Cy2), (K15, ED2, Cy3), (K15,
ED3, Cyl), (K15, ED3, Cy2), (K15, ED3, Cy3), (K15, ED4,
Cyl), (K15, ED4, Cy2), (K15, ED4, Cy3), (K15, ED5, Cy1),
(K15, EDS, Cy2), (K15, ED5, Cy3), (K15, ED6, Cy1), (K15,
ED6, Cy2), (K15, ED6, Cy3), (K15, ED7, Cyl), (K15, ED7,
Cy2), (K15, ED7, Cy3), (K15, EDS5, Cyl), (K15, ED8, Cy2),
(K15, ED8, Cy3), (K15, ED9, Cy1), (K15, ED9, Cy2), (K15,
ED9, Cy3), (K15, ED10, Cyl), (K15, ED10, Cy2), (K15,
ED10, Cy3), (K15, ED11, Cyl), (K15, ED11, Cy2), (K15,
ED11, Cy3), (K15, ED12, Cyl), (K15, ED12, Cy2), (K15,
ED12, Cy3), (K15, ED13, Cyl), (K15, ED13, Cy2), (K15,
ED13, Cy3), (K15, ED14, Cyl), (K15, ED14, Cy2), (K15,
ED14, Cy3), (K15, ED15, Cyl), (K15, ED15, Cy2), (K15,
ED15, Cy3), (K15, ED16, Cyl), (K15, ED16, Cy2), (K15,
ED16, Cy3), (K15, ED17, Cyl), (K15, ED17, Cy2), (K15,
ED17, Cy3), (K15, EDI18, Cyl), (K15, ED18, Cy2), (K15,
ED18, Cy3), (K15, ED19, Cyl), (K15, ED19, Cy2), (K15,
ED19, Cy3), (K15, ED20, Cy1), (K15, ED20, Cy2), (K15,
ED20, Cy3), (K15, ED21, Cyl), (K15, ED21, Cy2), (K15,
ED21, Cy3), (K15, ED22, Cyl), (K15, ED22, Cy2), (K15,
ED22, Cy3), (K15, ED23, Cyl), (K15, ED23, Cy2), (K15,
ED23, Cy3), (K15, ED24, Cyl), (K15, ED24, Cy2), (K15,
ED24, Cy3), (K15, ED25, Cyl), (K15, ED25, Cy2), (K15,
ED25, Cy3), (K15, ED26, Cyl), (K15, ED26, Cy2), (K15,
ED26, Cy3), (K15, ED27, Cyl), (K15, ED27, Cy2), (K15,
ED27, Cy3), (K15, ED28, Cyl), (K15, ED28, Cy2), (K15,
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ED28, Cy3), (K15, ED29, Cy1), (K15, ED29, Cy2), (K15,
ED29, Cy3), (K15, ED30, Cy1), (K15, ED30, Cy2), (K15,
ED30, Cy3), (K15, ED31, Cy0, (K15, ED31, Cy2), (K15,
ED31, Cy3), (K15, ED32, Cyl), (K15, ED32, Cy2), (K15,
ED32, Cy3), (K15, ED33, Cyl), (K15, ED33, Cy2), (K15,
ED33, Cy3), (K15, ED39, Cy1), (K15, ED34, Cy2), (K15,
ED34, Cy3), (K15, ED35, Cyl1), (K15, ED35, Cy2), (K15,
ED35, Cy3), (K15, ED36, Cyl1), (K15, ED36, Cy2), (K15,
ED36, Cy3), (K15, ED37, Cyl), (K15, ED37, Cy2), (K15,
ED37, Cy3), (K15, ED38, Cyl), (K15, ED38, Cy2), (K15,
ED38, Cy3), (K15, ED39, Cy1), (K15, ED39, Cy2), (K15,
ED39, Cy3), (K15, ED40, Cy1), (K15, ED40, Cy2), (K15,
ED40, Cy3), (K15, ED41, Cy1), (K15, ED41, Cy2), (K15,
ED41, Cy3), (K15, ED42, Cyl1), (K15, ED42, Cy2), (K15,
ED42, Cy3), (K15, ED43, Cy1), (K15, ED43, Cy2), (K15,
ED93, Cy3), (K15, ED44, Cy1), (K15, ED44, Cy2), (K15,
ED44, Cy3), (K15, ED45, Cy1), (K15, ED45, Cy2), (K15,
ED45, Cy3), (K15, ED46, Cy1), (K15, ED96, Cy2), (K15,
ED46, Cy3), (K15, ED47, Cy1), (K15, ED47, Cy2), (K15,
ED47, Cy3), (K15, ED48, Cy1), (K15, ED48, Cy2), (K15,
ED48, Cy3), (K15, ED49, Cy1), (K15, ED49, Cy2), (K15,
ED49, Cy3), (K15, ED50, Cy1), (K15, ED50, Cy2), (K15,
ED50, Cy3), (K15, ED51, Cyl1), (K15, ED51, Cy2), (K15,
ED51, Cy3), (K15, ED52, Cyl), (K15, ED52, Cy2), (K15,
ED52, Cy3), (K15, ED53, Cyl), (K15, ED53, Cy2), (K15,
ED53, Cy3), (K15, ED54, Cyl1), (K15, ED54, Cy2), (K15,
ED54, Cy3), (K15, ED55, Cyl), (K15, ED55, Cy2), (K15,
ED55, Cy3), (K15, ED56, Cyl), (K15, ED56, Cy2), (K15,
ED56, Cy3), (K15, ED57, Cyl), (K15, ED57, Cy2), (K15,
ED57, Cy3), (K15, ED58, Cyl), (K15, ED58, Cy2), (K15,
ED58, Cy3), (K15, ED59, Cy1), (K15, ED59, Cy2), (K15,
ED59, Cy3), (K15, ED60, Cy1), (K15, ED60, Cy2), (K15,
ED60, Cy3), (K15, ED61, Cy1), (K15, ED61, Cy2), (K15,
ED61, Cy3), (K15, ED62, Cyl), (K15, ED62, Cy2), (K15,
ED62, Cy3), (K15, ED63, Cyl), (K15, ED63, Cy2), (K15,
ED63, Cy3), (K15, ED64, Cy1), (K15, ED64, Cy2), (K15,
ED64, Cy3), (K15, ED65, Cyl), (K15, ED65, Cy2), (K15,
ED65, Cy3), (K15, ED66, Cyl), (K15, ED66, Cy2), (K15,
ED66, Cy3), (K15, ED67, Cyl), (K15, ED67, Cy2), (K15,
ED67, Cy3), (K15, ED67, Cyl), (K15, ED68, Cy2), (K15,
ED68, Cy3), (K15, ED69, Cyl1), (K15, ED69, Cy2), (K15,
ED69, Cy3), (K15, ED70, Cy1), (K15, ED70, Cy2), (K15,
ED70, Cy3), (K15, ED71, Cyl), (K15, ED71, Cy2), (K15,
ED71, Cy3), (K15, ED72, Cyl), (K15, ED72, Cy2), (K15,
ED72, Cy3), (K15, ED73, Cyl), (K15, ED73, Cy2), (K15,
ED73, Cy3), (K15, ED74, Cy1), (K15, ED79, Cy2), (K15,
ED74, Cy3), (K15, ED75, Cyl), (K15, ED75, Cy2), (K15,
ED75, Cy3), (K15, ED76, Cyl), (K15, ED76, Cy2), (K15,
ED76, Cy3), (K15, ED77, Cyl), (K15, ED77, Cy2), (K15,
ED77, Cy3), (K15, ED78, Cyl), (K15, ED78, Cy2), (K15,
ED78, Cy3), (K15, ED79, Cyl), (K15, ED79, Cy2), (K15,
ED79, Cy3), (K15, ED80, Cy1), (K15, EDS0, Cy2), (K15,
EDS0, Cy3), (K15, ED81, Cy1), (K15, ED81, Cy2), (K15,
ED81, Cy3), (K15, ED82, Cyl), (K15, EDS2, Cy2), (K15,
EDS2, Cy3), (K15, ED83, Cyl), (K15, ED83, Cy2), (K15,
EDS3, Cy3), (K15, ED84, Cy1), (K15, ED84, Cy2), (K15,
ED84, Cy3), (K15, ED85, Cyl1), (K15, EDS85, Cy2), (K15,
EDS5, Cy3), (K15, ED86, Cy1), (K15, ED86, Cy2), (K15,
EDS6, Cy3), (K15, ED87, Cyl), (K15, ED87, Cy2), (K15,
EDS7, Cy3), (K15, ED88, Cy1), (K15, EDSS, Cy2), (K15,
EDS8, Cy3), (K15, ED89, Cy1), (K15, ED89, Cy2), (K15,
EDR9, Cy3), (K15, ED90, Cy1), (K15, ED90, Cy2), (K15,
ED90, Cy3), (K15, ED91, Cy1), (K15, ED91, Cy2), (K15,
ED91, Cy3), (K15, ED92, Cy1), (K15, ED92, Cy2), (K15,
ED92, Cy3)

(K16, ED1, Cyl), (K16, ED1, Cy2), (K16, ED1, Cy3).
(K16, ED2, Cyl), (K16, ED2, Cy2), (K16, ED2, Cy3), (K16,
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ED3, Cyl), (K16, ED3, Cy2), (K16, ED3, Cy3), (K16, ED4,
Cyl), (K16, ED4, Cy2), (K16, ED4, Cy3), (K16, ED5, Cy1),
(K16, EDS, Cy2), (K16, ED5, Cy3), (K16, ED6, Cy1), (K16,
ED6, Cy2), (K16, ED6, Cy3), (K16, ED7, Cyl), (K16, ED7,
Cy2), (K16, ED7, Cy3), (K16, ED5, Cyl), (K16, ED8, Cy2),
(K16, ED8, Cy3), (K16, ED9, Cy1), (K16, ED9, Cy2), (K16,
ED9, Cy3), (K16, ED10, Cyl), (K16, ED10, Cy2), (K16,
ED10, Cy3), (K16, ED11, Cyl), (K16, ED11, Cy2), (K16,
ED11, Cy3), (K16, ED12, Cyl), (K16, ED12, Cy2), (K16,
ED12, Cy3), (K16, ED13, Cyl), (K16, ED13, Cy2), (K16,
ED13, Cy3), (K16, ED14, Cyl), (K16, ED14, Cy2), (K16,
ED14, Cy3), (K16, ED15, Cyl), (K16, ED15, Cy2), (K16,
ED15, Cy3), (K16, ED16, Cyl), (K16, ED16, Cy2), (K16,
ED16, Cy3), (K16, ED17, Cyl), (K16, ED17, Cy2), (K16,
ED17, Cy3), (K16, EDI18, Cyl), (K16, ED18, Cy2), (K16,
EDI8, Cy3), (K16, ED19, Cyl), (K16, ED19, Cy2), (K16,
ED19, Cy3), (K16, ED20, Cy1), (K16, ED20, Cy2), (K16,
ED20, Cy3), (K16, ED21, Cyl), (K16, ED21, Cy2), (K16,
ED21, Cy3), (K16, ED22, Cyl), (K16, ED22, Cy2), (K16,
ED22, Cy3), (K16, ED23, Cyl), (K16, ED23, Cy2), (K16,
ED23, Cy3), (K16, ED24, Cyl), (K16, ED24, Cy2), (K16,
ED24, Cy3), (K16, ED25, Cyl), (K16, ED25, Cy2), (K16,
ED25, Cy3), (K16, ED26, Cyl), (K16, ED26, Cy2), (K16,
ED26, Cy3), (K16, ED27, Cyl), (K16, ED27, Cy2), (K16,
ED27, Cy3), (K16, ED28, Cyl), (K16, ED28, Cy2), (K16,
ED28, Cy3), (K16, ED29, Cyl), (K16, ED29, Cy2), (K16,
ED29, Cy3), (K16, ED30, Cy1), (K16, ED30, Cy2), (K16,
ED30, Cy3), (K16, ED31, Cyl), (K16, ED31, Cy2), (K16,
ED31, Cy3), (K16, ED32, Cyl), (K16, ED32, Cy2), (K16,
ED32, Cy3), (K16, ED33, Cyl), (K16, ED33, Cy2), (K16,
ED33, Cy3), (K16, ED34, Cyl), (K16, ED34, Cy2), (K16,
ED34, Cy3), (K16, ED35, Cyl), (K16, ED35, Cy2), (K16,
ED35, Cy3), (K16, ED36, Cyl), (K16, ED36, Cy2), (K16,
ED36, Cy3), (K16, ED37, Cyl), (K16, ED37, Cy2), (K16,
ED37, Cy3), (K16, ED38, Cyl), (K16, ED38, Cy2), (K16,
ED38, Cy3), (K16, ED39, Cyl), (K16, ED39, Cy2), (K16,
ED39, Cy3), (K16, ED40, Cy1), (K16, ED40, Cy2), (K16,
ED40, Cy3), (K16, ED41, Cyl), (K16, ED41, Cy2), (K16,
ED41, Cy3), (K16, ED42, Cyl), (K16, ED42, Cy2), (K16,
ED42, Cy3), (K16, ED43, Cyl), (K16, ED43, Cy2), (K16,
ED43, Cy3), (K16, ED44, Cyl), (K16, ED94, Cy2), (K16,
ED44, Cy3), (K16, ED45, Cy1), (K16, ED45, Cy2), (K16,
ED45, Cy3), (K16, ED46, Cy1), (K16, ED46, Cy2), (K16,
ED46, Cy3), (K16, ED47, Cyl), (K16, ED47, Cy2), (K16,
ED47, Cy3), (K16, ED48, Cyl), (K16, ED48, Cy2), (K16,
ED48, Cy3), (K16, ED49, Cyl), (K16, ED49, Cy2), (K16,
ED49, Cy3), (K16, ED50, Cy1), (K16, ED50, Cy2), (K16,
ED50, Cy3), (K16, ED51, Cyl), (K16, ED51, Cy2), (K16,
ED51, Cy3), (K16, ED52, Cyl), (K16, ED52, Cy2), (K16,
ED52, Cy3), (K16, ED53, Cyl), (K16, ED53, Cy2), (K16,
ED53, Cy3), (K16, ED54, Cyl), (K16, ED54, Cy2), (K16,
ED54, Cy3), (K16, ED55, Cyl), (K16, ED55, Cy2), (K16,
ED55, Cy3), (K16, ED56, Cyl), (K16, ED56, Cy2), (K16,
ED56, Cy3), (K16, ED57, Cyl), (K16, ED57, Cy2), (K16,
ED57, Cy3), (K16, ED58, Cyl), (K16, ED58, Cy2), (K16,
ED58, Cy3), (K16, ED59, Cyl), (K16, ED59, Cy2), (K16,
ED59, Cy3), (K16, ED60, Cy1), (K16, ED60, Cy2), (K16,
ED60, Cy3), (K16, ED61, Cyl), (K16, ED61, Cy2), (K16,
ED61, Cy3), (K16, ED62, Cyl), (K16, ED62, Cy2), (K16,
ED62, Cy3), (K16, ED63, Cyl), (K16, ED63, Cy2), (K16,
ED63, Cy3), (K16, ED64, Cy1), (K16, ED64, Cy2), (K16,
ED64, Cy3), (K16, ED65, Cyl), (K16, ED65, Cy2), (K16,
ED65, Cy3), (K16, ED66, Cy1), (K16, ED66, Cy2), (K16,
ED66, Cy3), (K16, ED67, Cyl), (K16, ED67, Cy2), (K16,
ED67, Cy3), (K16, ED68, Cyl), (K16, ED68, Cy2), (K16,
ED68, Cy3), (K16, ED69, Cyl), (K16, ED69, Cy2), (K16,
ED69, Cy3), (K16, ED70, Cyl), (K16, ED70, Cy2), (K16,
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ED70, Cy3), (K16, ED71, Cyl), (K16, ED71, Cy2), (K16,
ED71, Cy3), (K16, ED72, Cyl), (K16, ED72, Cy2), (K16,
ED72, Cy3), (K16, ED73, Cyl), (K16, ED73, Cy2), (K16,
ED73, Cy3), (K16, ED74, Cy1), (K16, ED74, Cy2), (K16,
ED74, Cy3), (K16, ED75, Cyl), (K16, ED75, Cy2), (K16,
ED75, Cy3), (K16, ED76, Cyl), (K16, ED76, Cy2), (K16,
ED76, Cy3), (K16, ED77, Cyl), (K16, ED77, Cy2), (K16,
ED77, Cy3), (K16, ED78, Cyl), (K16, ED78, Cy2), (K16,
ED78, Cy3), (K16, ED79, Cyl), (K16, ED79, Cy2), (K16,
ED79, Cy3), (K16, ED80, Cy1), (K16, EDS0, Cy2), (K16,
EDS0, Cy3), (K16, ED81, Cy1), (K16, ED81, Cy2), (K16,
ED81, Cy3), (K16, ED82, Cyl), (K16, EDS2, Cy2), (K16,
EDS2, Cy3), (K16, ED83, Cyl), (K16, ED83, Cy2), (K16,
EDS3, Cy3), (K16, ED84, Cy1), (K16, ED84, Cy2), (K16,
ED84, Cy3), (K16, ED85, Cyl1), (K16, ED85, Cy2), (K16,
EDS5, Cy3), (K16, ED86, Cy1), (K16, ED86, Cy2), (K16,
EDS6, Cy3), (K16, ED87, Cyl), (K16, ED87, Cy2), (K16,
EDR7, Cy3), (K16, ED88, Cyl1), (K16, EDSS, Cy2), (K16,
EDS8, Cy3), (K16, ED89, Cy1), (K16, ED89, Cy2), (K16,
EDR9, Cy3), (K16, ED90, Cy1), (K16, ED90, Cy2), (K16,
ED90, Cy3), (K16, ED91, Cy1), (K16, ED91, Cy2), (K16,
ED91, Cy3), (K16, ED92, Cy1), (K16, ED92, Cy2), (K16,
ED92, Cy3),

(K17, ED1, Cyl), (K17, ED1, Cy2), (K17, ED1, Cy3).
(K17, ED2, Cyl), (K17, ED2, Cy2), (K17, ED2, Cy3), (K17,
ED3, Cyl), (K17, ED3, Cy2), (K17, ED3, Cy3), (K17, ED4,
Cyl), (K17, ED4, Cy2), (K17, ED4, Cy3), (K17, ED5, Cy1),
(K17, EDS, Cy2), (K17, EDS5, Cy3), (K17, ED6, Cy1), (K17,
ED6, Cy2), (K17, ED6, Cy3), (K17, ED7, Cyl), (K17, ED7,
Cy2), (K17, ED7, Cy3), (K17, ED8, Cyl), (K17, ED5, Cy2),
(K17, EDS8, Cy3), (K17, ED9, Cy1), (K17, ED9, Cy2), (K17,
ED9, Cy3), (K17, ED10, Cyl), (K17, ED10, Cy2), (K17,
ED10, Cy3), (K17, EDI11, Cyl), (K17, ED11, Cy2), (K17,
ED11, Cy3), (K17, ED12, Cyl), (K17, ED12, Cy2), (K17,
ED12, Cy3), (K17, ED13, Cyl), (K17, ED13, Cy2), (K17,
ED13, Cy3), (K17, ED14, Cyl), (K17, ED14, Cy2), (K17,
ED14, Cy3), (K17, ED15, Cyl), (K17, ED15, Cy2), (K17,
ED15, Cy3), (K17, ED16, Cyl), (K17, ED16, Cy2), (K17,
Cy3), (K17, ED17, Cyl), (K17, ED17, Cy2), (K17, ED17,
Cy3), (K17, ED1.8, Cyl), (K17, EDIS8, Cy2), (K17, ED18,
Cy3), (K17, EDI19, Cyl), (K17, ED19, Cy2), (K17, ED19,
Cy3), (K17, ED20, Cy1), (K17, ED28, Cy2), (K17, ED28,
Cy3), (K17, ED21, Cyl), (K17, ED21, Cy2), (K17, ED21,
Cy3), (K17, ED22, Cyl), (K17, ED22, Cy2), (K17, ED22,
Cy3), (K17, ED23, Cyl), (K17, ED23, Cy2), (K17, ED23,
Cy3), (K17, ED24, Cyl), (K17, ED24, Cy2), (K17, ED24,
Cy3), (K17, ED25, Cyl), (K17, ED25, Cy2), (K17, ED25,
Cy3), (K17, ED26, Cyl), (K17, ED26, Cy2), (K17, ED26,
Cy3), (K17, ED27, Cyl), (K17, ED27, Cy2). (K17, ED27,
Cy3), (K17, ED28, Cyl), (K17, ED28, Cy2), (K17, ED28,
Cy3), (K17, ED29, Cyl), (K17, ED29, Cy2), (K17, ED29,
Cy3), (K17, ED30, Cyl), (K17, ED30, Cy2), (K17, ED30,
Cy3), (K17, ED31, Cyl), (K17, ED31, Cy2), (K17, ED31,
Cy3), (K17, ED32, Cyl), (K17, ED32, Cy2), (K17, ED32,
Cy3), (K17, ED33, Cyl), (K17, ED33, Cy2), (K17, ED33,
Cy3), (K17, ED34, Cyl), (K17, ED34, Cy2), (K17, ED34,
Cy3), (K17, ED35, Cyl), (K17, ED35, Cy2), (K17, ED35,
Cy3), (K17, ED36, Cyl), (K17, ED36, Cy2), (K17, ED36,
Cy3), (K17, ED37, Cyl), (K17, ED37, Cy2), (K17, ED37,
Cy3), (K17, ED38, Cyl), (K17, ED38, Cy2), (K17, ED38,
Cy3), (K17, ED39, Cyl), (K17, ED39, Cy2), (K17, ED39,
Cy3), (K17, ED40, Cy1), (K17, ED40, Cy2), (K17, ED40,
Cy3), (K17, ED41, Cyl), (K17, ED41, Cy2), (K17, ED41,
Cy3), (K17, ED42, Cyl), (K17, ED42, Cy2), (K17, ED42,
Cy3), (K17, ED43, Cyl), (K17, ED43, Cy2), (K17, ED43,
Cy3), (K17, ED44, Cyl), (K17, ED44, Cy2), (K17, ED44,
Cy3), (K17, ED45, Cyl), (K17, ED45, Cy2), (K17, ED45,
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Cy3), (K17, ED46, Cyl), (K17, ED46, Cy2), (K17, ED46,
Cy3), (K17, ED47, Cyl), (K17, ED47, Cy2), (K17, ED47,
Cy3), (K17, ED48, Cyl), (K17, ED48, Cy2), (K17, ED48,
Cy3), (K17, ED49, Cy1), (K17, ED49, Cy2), (K17, ED49,
Cy3), (K17, ED50, Cy1), (K17, ED50, Cy2), (K17, ED50,
Cy3), (K17, ED51, Cyl), (K17, ED51, Cy2), (K17, ED51,
Cy3), (K17, ED52, Cyl), (K17, ED52, Cy2), (K17, ED52,
Cy3), (K17, ED53, Cyl), (K17, ED53, Cy2), (K17, ED53,
Cy3), (K17, ED54, Cyl), (K17, ED54, Cy2), (K17, ED54,
Cy3), (K17, ED55, Cyl), (K17, ED55, Cy2), (K17, ED55,
Cy3), (K17, ED56, Cyl), (K17, ED56, Cy2), (K17, ED56,
Cy3), (K17, ED57, Cyl), (K17, ED57, Cy2), (K17, ED57,
Cy3), (K17, ED58, Cyl), (K17, ED58, Cy2), (K17, ED5S,
Cy3), (K17, ED59, Cy1), (K17, ED59, Cy2), (K17, ED59,
Cy3), (K17, ED60, Cy1), (K17, ED60, Cy2), (K17, ED60,
Cy3), (K17, ED61, Cyl), (K17, ED61, Cy2), (K17, ED61,
Cy3), (K17, ED62, Cyl), (K17, ED62, Cy2), (K17, ED62,
Cy3), (K17, ED63, Cyl), (K17, ED63, Cy2), (K17, ED63,
Cy3), (K17, ED64, Cy1), (K17, ED64, Cy2), (K17, ED64,
Cy3), (K17, ED65, Cyl), (K17, ED65, Cy2), (K17, ED65,
Cy3), (K17, ED66, Cy1), (K17, ED66, Cy2), (K17, ED66,
Cy3), (K17, ED67, Cyl), (K17, ED67, Cy2), (K17, ED67,
Cy3), (K17, ED68, Cyl), (K17, ED68, Cy2), (K17, ED6S,
Cy3), (K17, ED69, Cyl), (K17, ED69, Cy2), (K17, ED69,
Cy3), (K17, ED70, Cyl), (K17, ED70, Cy2), (K17, ED70,
Cy3), (K17, ED71, Cyl), (K17, ED71, Cy2), (K17, ED71,
Cy3), (K17, ED72, Cyl), (K17, ED72, Cy2). (K17, ED72,
Cy3), (K17, ED73, Cyl), (K17, ED73, Cy2), (K17, ED73,
Cy3), (K17, ED74, Cyl), (K17, ED74, Cy2), (K17, ED74,
Cy3), (K17, ED75, Cyl), (K17, ED75, Cy2), (K17, ED75,
Cy3), (K17, ED76, Cyl), (K17, ED76, Cy2), (K17, ED76,
Cy3), (K17, ED77, Cyl), (K17, ED77, Cy2). (K17, ED77,
Cy3), (K17, ED78, Cyl), (K17, ED78, Cy2), (K17, ED78,
Cy3), (K17, ED79, Cyl), (K17, ED79, Cy2), (K17, ED79,
Cy3), (K17, EDS80, Cy1), (K17, ED80, Cy2), (K17, EDS0,
Cy3), (K17, ED81, Cyl), (K17, ED81, Cy2), (K17, ED8,
Cy3), (K17, ED82, Cyl), (K17, ED82, Cy2), (K17, EDS2,
Cy3), (K17, ED83, Cyl), (K17, ED83, Cy2), (K17, EDS3,
Cy3), (K17, ED84, Cyl), (K17, ED84, Cy2), (K17, ED84,
Cy3), (K17, ED85, Cyl), (K17, ED85, Cy2), (K17, EDS5,
Cy3), (K17, EDS86, Cyl), (K17, ED86, Cy2), (K17, EDS6,
Cy3), (K17, ED87, Cyl), (K17, ED87, Cy2), (K17, EDS7,
Cy3), (K17, EDS88, Cyl), (K17, ED8S, Cy2), (K17, EDSS,
Cy3), (K17, ED89, Cyl), (K17, ED89, Cy2), (K17, EDS9,
Cy3), (K17, ED90, Cy1), (K17, ED90, Cy2), (K17, ED90,
Cy3), (K17, ED91, Cyl), (K17, ED91, Cy2), (K17, EDO1,
Cy3), (K17, ED92, Cy1), (K17, ED92, Cy2), (K17, ED92,
Cy3)’(K18, EDI, Cyl), (K18, ED1, Cy2), (K18, ED1, Cy3),
(K18, ED2, Cyl), (K18, ED2, Cy2), (K18, ED2, Cy3), (K18,
ED3, Cyl), (K18, ED3, Cy2), (K18, ED3, Cy3), (K18, ED4,
Cyl), (K18, ED4, Cy2), (K18, ED4, Cy3), (K18, ED5, Cy1),
(K18, EDS, Cy2), (K18, ED5, Cy3), (K18, ED6, Cy1), (K18,
ED6, Cy2), (K18, ED6, Cy3), (K18, ED6, Cy1), (K18, ED7,
Cy2), (K18, ED7, Cy3), (K18, ED8, Cyl), (K18, ED5, Cy2),
(K18, EDS, Cy3), (K18, ED9, Cy1), (K18, ED9, Cy2), (K18,
ED9, Cy3), (K18, ED10, Cyl), (K18, ED10, Cy2), (K18,
ED10, Cy3), (K18, EDI11, Cyl), (K18, ED11, Cy2), (K18,
ED11, Cy3), (K18, ED12, Cyl), (K18, ED12, Cy2), (K18,
ED12, Cy3), (K18, ED13, Cyl), (K18, ED13, Cy2), (K18,
ED13, Cy3), (K18, ED14, Cyl), (K18, ED14, Cy2), (K18,
ED14, Cy3), (K18, ED15, Cyl), (K18, ED15, Cy2), (K18,
ED15, Cy3), (K18, ED16, Cyl), (K18, ED16, Cy2), (K18,
ED16, Cy3), (K18, ED17, Cyl), (K18, ED17, Cy2), (K18,
ED17, Cy3), (K18, EDI18, Cyl), (K18, ED18, Cy2), (K18,
ED18, Cy3), (K18, ED19, Cyl), (K18, Cy2), (K18, ED19,
Cy3), (K18, ED20, Cyl), (K18, ED20, Cy2), (K18, ED20,
Cy3), (K18, ED21, Cyl), (K18, ED21, Cy2), (K18, ED21,
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Cy3), (K18, ED22, Cyl), (K18, ED22, Cy2), (K18, ED22,
Cy3), (K18, ED23, Cyl), (K18, ED23, Cy2), (K18, ED23,
Cy3), (K18, ED24, Cyl), (K18, ED24, Cy2), (K18, ED24,
Cy3), (K18, ED25, Cyl), (K18, ED25, Cy2), (K18, ED25,
Cy3), (K18, ED26, Cyl), (K18, ED26, Cy2), (K18, ED26,
Cy3), (K18, ED27, Cyl), (K18, ED27, Cy2), (K18, ED27,
Cy3), (K18, ED28, Cyl), (K18, ED28, Cy2), (K18, ED28,
Cy3), (K18, ED29, Cyl), (K18, ED29, Cy2), (K18, ED29,
Cy3), (K18, ED30, Cyl), (K18, ED30, Cy2), (K18, ED30,
Cy3), (K18, ED31, Cyl), (K18, ED31, Cy2), (K18, ED31,
Cy3), (K18, ED32, Cyl), (K18, ED32, Cy2), (K18, ED32,
Cy3), (K18, ED33, Cyl), (K18, ED33, Cy2), (K18, ED33,
Cy3), (K18, ED34, Cyl), (K18, ED34, Cy2), (K18, ED34,
Cy3), (K18, ED35, Cyl), (K18, ED35, Cy2), (K18, ED35,
Cy3), (K18, ED36, Cyl), (K18, ED36, Cy2), (K18, ED36,
Cy3), (K18, ED37, Cyl), (K18, ED37, Cy2), (K18, ED37,
Cy3), (K18, ED38, Cyl), (K18, ED38, Cy2), (K18, ED38,
Cy3), (K18, ED39, Cyl), (K18, ED39, Cy2), (K18, ED39,
Cy3), (K18, ED40, Cy1), (K18, ED40, Cy2), (K18, ED40,
Cy3), (K18, ED41, Cyl), (K18, ED41, Cy2), (K18, ED41,
Cy3), (K18, ED42, Cyl), (K18, ED42, Cy2), (K18, ED42,
Cy3), (K18, ED43, Cyl), (K18, ED43, Cy2), (K18, ED43,
Cy3), (K18, ED44, Cyl), (K18, ED44, Cy2), (K18, ED44,
Cy3), (K18, ED45, Cyl), (K18, ED45, Cy2), (K18, ED45,
Cy3), (K18, ED46, Cyl), (K18, ED46, Cy2), (K18, ED46,
Cy3), (K19, ED47, Cyl), (K18, ED47, Cy2), (K18, ED47,
Cy3), (K18, ED48, Cyl), (K18, ED48, Cy2), (K18, ED48,
Cy3), (K18, ED49, Cyl), (K18, ED49, Cy2), (K18, ED49,
Cy3), (K18, ED50, Cy1), (K18, ED50, Cy2), (K18, ED50,
Cy3), (K18, ED51, Cyl), (K18, ED51, Cy2), (K18, ED51,
Cy3), (K18, ED52, Cyl), (K18, ED52, Cy2), (K18, ED52,
Cy3), (K18, ED53, Cyl), (K18, ED53, Cy2), (K18, ED53,
Cy3), (K18, ED54, Cyl), (K18, ED54, Cy2), (K18, ED54,
Cy3), (K18, ED55, Cyl), (K18, ED55, Cy2), (K18, ED55,
Cy3), (K18, ED56, Cyl), (K18, ED56, Cy2), (K18, ED56,
Cy3), (K18, ED57, Cyl), (K18, ED57, Cy2), (K18, ED57,
Cy3), (K18, ED58, Cyl), (K18, ED58, Cy2), (K18, ED5S,
Cy3), (K18, ED59, Cyl), (K18, ED59, Cy2), (K18, ED59,
Cy3), (K18, ED60, Cyl), (K18, ED60, Cy2), (K18, ED60,
Cy3), (K18, ED61, Cyl), (K18, ED61, Cy2), (K18, ED61,
Cy3), (K18, ED62, Cyl), (K18, ED62, Cy2), (K18, ED62,
Cy3), (K18, ED63, Cyl), (K18, ED63, Cy2), (K18, ED63,
Cy3), (K18, ED64, Cyl), (K18, ED64, Cy2), (K18, ED64,
Cy3), (K18, ED65, Cyl), (K18, ED65, Cy2), (K18, ED65,
Cy3), (K18, ED66, Cyl), (K18, ED66, Cy2), (K18, ED66,
Cy3), (K18, ED67, Cyl), (K18, ED67, Cy2), (K18, ED67,
Cy3), (K18, ED68, Cyl), (K18, ED68, Cy2), (K18, ED6S,
Cy3), (K18, ED69, Cyl), (K18, ED69, Cy2), (K18, ED69,
Cy3), (K18, ED70, Cyl), (K18, ED70, Cy2), (K18, ED70,
Cy3), (K18, ED71, Cyl), (K18, ED71, Cy2), (K18, ED71,
Cy3), (K18, ED72, Cyl), (K18, ED72, Cy2), (K18, ED72,
Cy3), (K18, ED73, Cyl), (K18, ED73, Cy2), (K18, ED73,
Cy3), (K18, ED74, Cyl), (K18, ED74, Cy2), (K18, ED74,
Cy3), (K18, ED75, Cyl), (K18, ED75, Cy2), (K18, ED75,
Cy3), (K18, ED76, Cyl), (K18, ED76, Cy2), (K18, ED76,
Cy3), (K18, ED77, Cyl), (K18, ED77, Cy2). (K18, ED77,
Cy3), (K18, ED78, Cyl), (K18, ED78, Cy2), (K18, ED78,
Cy3), (K18, ED79, Cyl), (K18, ED79, Cy2), (K18, ED79,
Cy3), (K18, ED80, Cy1), (K18, ED80, Cy2), (K18, EDS0,
Cy3), (K18, ED81, Cyl), (K18, ED81, Cy2), (K18, ED8,
Cy3), (K18, ED82, Cyl), (K18, ED82, Cy2), (K18, EDS2,
Cy3), (K13, ED33, Cyl), (K18, ED83, Cy2), (K18, EDS3,
Cy3), (K18, ED84, Cyl), (K18, ED84, Cy2), (K18, ED84,
Cy3), (K18, ED85, Cyl), (K18, ED85, Cy2), (K18, EDS5,
Cy3), (K18, ED86, Cyl), (K18, ED86, Cy2), (K18, EDS6,
Cy3), (K18, ED87, Cyl), (K18, ED87, Cy2), (K18, ED87,
Cy3), (K18, EDS88, Cyl), (K18, ED8S, Cy2), (K18, EDSS,

10

15

20

25

30

35

40

45

50

55

60

65

454
Cy3), (K18, ED89, Cyl), (K18, ED89, Cy2), (K18, EDS9,
Cy3), (K18, ED90, Cy1), (K18, ED90, Cy2), (K18, ED90,
Cy3), (K18, ED91, Cyl), (K18, ED91, Cy2), (K18, EDO1,
Cy3), (K18, ED92, Cyl), (K18, ED92, Cy2), (K18, ED92,
Cy3),

(K19, EDI, Cyl), (K19, ED1, Cy2), (K19, ED1, Cy3),
(K19, ED2, Cyl), (K19, ED2, Cy2), (K19, ED2, Cy3), (K19,
ED3, Cyl), (K19, ED3, Cy2), (K19, ED3, Cy3), (K19, ED4,
Cyl), (K19, ED4, Cy2), (K19, ED4, Cy3), (K19, ED5, Cy1),
(K19, EDS, Cy2), (K19, ED5, Cy3), (K19, ED6, Cy1), (K19,
ED6, Cy2), (K19, ED6, Cy3), (K19, ED7, Cy1), (K19, ED7,
Cy2), (K19, ED7, Cy3), (K19, ED8, Cy1), (K19, EDS, Cy2),
(K19, ED8, Cy3), (K19, ED9, Cy1), (K19, ED9, Cy2), (K19,
ED9, Cy3), (K19, ED10, Cyl), (K19, ED10, Cy2), (K19,
ED10, Cy3), (K19, ED11, Cyl), (K19, ED11, Cy2), (K19,
ED11, Cy3), (K19, ED12, Cyl), (K19, ED12, Cy2), (K19,
ED12, Cy3), (K19, ED13, Cyl), (K19, ED13, Cy2), (K19,
ED13, Cy3), (K19, ED14, Cyl), (K19, ED14, Cy2), (K19,
ED14, Cy3), (K19, ED15, Cyl), (K19, ED15, Cy2), (K19,
ED15, Cy3), (K19, ED16, Cyl), (K19, ED16, Cy2), (K19,
ED16, Cy3), (K19, ED17, Cyl), (K19, ED17, Cy2), (K19,
ED17, Cy3), (K19, EDI18, Cyl), (K19, ED18, Cy2), (K19,
EDI8, Cy3), (K19, ED19, Cyl), (K19, ED19, Cy2), (K19,
ED19, Cy3), (K19, ED20, Cy1), (K19, ED20, Cy2), (K19,
ED20, Cy3), (K19, ED21, Cyl), (K19, ED21, Cy2), (K19,
ED21, Cy3), (K19, ED22, Cyl), (K19, ED22, Cy2), (K19,
ED22, Cy3), (K19, ED23, Cyl), (K19, ED23, Cy2), (K19,
ED23, Cy3), (K19, ED24, Cy1), (K19, ED24, Cy2), (K19,
ED24, Cy3), (K19, ED25, Cyl), (K19, ED25, Cy2), (K19,
ED25, Cy3), (K19, ED26, Cy1), (K19, ED26, Cy2), (K19,
ED26, Cy3), (K19, ED27, Cyl), (K19, ED27, Cy2), (K19,
ED27, Cy3), (K19, ED28, Cyl), (K19, ED28, Cy2), (K19,
ED28, Cy3), (K19, ED29, Cy1), (K19, ED29, Cy2), (K19,
ED29, Cy3), (K19, ED30, Cy1), (K19, ED30, Cy2), (K19,
ED30, Cy3), (K19, ED31, Cy1), (K19, ED31, Cy2), (K19,
ED31, Cy3), (K19, ED32, Cyl), (K19, ED32, Cy2), (K19,
ED32, Cy3), (K19, ED33, Cyl), (K19, ED33, Cy2), (K19,
ED33, Cy3), (K19, ED34, Cyl), (K19, ED34, Cy2), (K19,
ED34, Cy3), (K19, ED35, Cyl), (K19, ED35, Cy2), (K19,
ED35, Cy3), (K19, ED36, Cy1), (K19, ED36, Cy2), (K19,
ED36, Cy3), (K19, ED37, Cyl), (K19, ED37, Cy2), (K19,
ED37, Cy3), (K19, ED38, Cyl), (K19, ED38, Cy2), (K19,
ED38, Cy3), (K19, ED39, Cyl), (K19, ED39, Cy2), (K19,
ED39, Cy3), (K19, ED40, Cy1), (K19, ED90, Cy2), (K19,
ED40, Cy3), (K19, ED41, Cy1), (K19, ED41, Cy2), (K19,
ED91, Cy3), (K19, ED42, Cyl), (K19, ED42, Cy2), (K19,
ED42, Cy3), (K19, ED93, Cy1), (K19, ED43, Cy2), (K19,
ED43, Cy3), (K19, ED44, Cyl), (K19, ED44, Cy2), (K19,
ED44, Cy3), (K19, ED45, Cy1), (K19, ED45, Cy2), (K19,
ED45, Cy3), (K19, ED46, Cy1), (K19, ED46, Cy2), (K19,
ED46, Cy3), (K19, ED47, Cyl), (K19, ED47, Cy2), (K19,
ED47, Cy3), (K19, ED48, Cy1), (K19, ED48, Cy2), (K19,
ED48, Cy3), (K19, ED99, Cy1), (K19, ED49, Cy2), (K19,
ED49, Cy3), (K19, ED50, Cy1), (K19, ED50, Cy2), (K19,
ED50, Cy3), (K19, ED51, Cyl), (K19, ED51, Cy2), (K19,
ED51, Cy3), (K19, ED52, Cyl), (K19, ED52, Cy2), (K19,
ED52, Cy3), (K19, ED53, Cyl), (K19, ED53, Cy2), (K19,
ED53, Cy3), (K19, ED59, Cyl), (K19, ED54, Cy2), (K19,
ED54, Cy3), (K19, ED55, Cyl), (K19, ED55, Cy2), (K19,
ED55, Cy3), (K19, ED56, Cyl), (K19, ED56, Cy2), (K19,
ED56, Cy3), (K19, ED57, Cyl), (K19, ED57, Cy2), (K19,
ED57, Cy3), (K19, ED58, Cyl), (K19, ED58, Cy2), (K19,
ED58, Cy3), (K19, ED59, Cy1), (K19, ED59, Cy2), (K19,
ED59, Cy3), (K19, ED60, Cy1), (K19, ED60, Cy2), (K19,
ED60, Cy3), (K19, ED61, Cyl), (K19, ED61, Cy2), (K19,
ED61, Cy3), (K19, ED62, Cyl), (K19, ED62, Cy2), (K19,
ED62, Cy3), (K19, ED63, Cyl), (K19, ED63, Cy2), (K19,



US 9,145,425 B2

455

ED63, Cy3), (K19, ED64, Cyl), (K19, ED64, Cy2), (K19,
ED64, Cy3), (K19, ED65, Cy1), (K19, ED65, Cy2), (K19,
ED65, Cy3), (K19, ED66, Cy1), (K19, ED66, Cy2), (K19,
ED66, Cy3), (K19, ED67, Cyl), (K19, ED67, Cy2), (K19,
ED67, Cy3), (K19, ED68, Cyl), (K19, ED68, Cy2), (K19,
ED68, Cy3), (K19, ED69, Cy1), (K19, ED69, Cy2), (K19,
ED69, Cy3), (K19, ED70, Cy1), (K19, ED70, Cy2), (K19,
ED70, Cy3), (K19, ED71, Cyl), (K19, ED71, Cy2), (K19,
ED71, Cy3), (K19, ED72, Cyl), (K19, ED72, Cy2), (K19,
ED72, Cy3), (K19, ED73, Cyl), (K19, ED73, Cy2), (K19,
ED73, Cy3), (K19, ED74, Cy1), (K19, ED74, Cy2), (K19,
ED74, Cy3), (K19, ED75, Cyl), (K19, ED75, Cy2), (K19,
ED75, Cy3), (K19, ED76, Cyl1), (K19, ED76, Cy2), (K19,
ED76, Cy3), (K19, ED77, Cyl), (K19, ED77, Cy2), (K19,
ED77, Cy3), (K19, ED78, Cyl), (K19, ED78, Cy2), (K19,
ED78, Cy3), (K19, ED79, Cy1), (K19, ED79, Cy2), (K19,
ED79, Cy3), (K19, ED80, Cy1), (K19, EDS0, Cy2), (K19,
EDS0, Cy3), (K19, ED81, Cyl1), (K19, ED81, Cy2), (K19,
ED81, Cy3), (K19, ED82, Cy1), (K19, EDS2, Cy2), (K19,
EDS2, Cy3), (K19, ED83, Cy1), (K19, ED83, Cy2), (K19,
EDS3, Cy3), (K19, ED84, Cy1), (K19, ED84, Cy2), (K19,
ED84, Cy3), (K19, ED85, Cy1), (K19, EDS85, Cy2), (K19,
EDS5, Cy3), (K19, ED86, Cy1), (K19, ED86, Cy2), (K19,
EDS6, Cy3), (K19, ED87, Cyl1), (K19, ED87, Cy2), (K19,
EDS7, Cy3), (K19, ED88, Cy1), (K19, EDSS, Cy2), (K19,
EDS8, Cy3), (K19, ED89, Cy1), (K19, ED89, Cy2), (K19,
EDR9, Cy3), (K19, ED90, Cy1), (K19, ED90, Cy2), (K19,
ED90, Cy3), (K19, ED91, Cy1), (K19, ED91, Cy2), (K19,
ED91, Cy3), (K19, ED92, Cy1), (K19, ED92, Cy2), (K19,
ED92, Cy3),

(K20, ED1, Cyl), (K20, ED1, Cy2), (K20, ED1, Cy3),
(K20, ED2, Cyl), (K20, ED2, Cy2), (K20, ED2, Cy3), (K28,
ED3, Cy1), (K20, ED3, Cy2), (K20, ED3, Cy3), (K20, ED4,
Cyl), (K20, ED4, Cy2), (K20, ED4, Cy3), (K20, ED5, Cy1),
(K20, EDS5, Cy2), (K20, ED5, Cy3), (K20, ED6, Cy1), (K20,
ED6, Cy2), (K20, ED6, Cy3), (K20, ED7, Cy1), (K20, ED7,
Cy2), (K20, ED7, Cy3), (K20, ED8, Cy1), (K20, ED5, Cy2),
(K20, EDS8, Cy3), (K20, ED9, Cy1), (K20, ED9, Cy2), (K20,
ED9, Cy3), (K20, ED10, Cy1), (K20, ED10, Cy2), (K20,
ED10, Cy3), (K20, ED11, Cyl), (K20, ED11, Cy2), (K20,
ED11, Cy3), (K20, ED12, Cy1), (K20, ED12, Cy2), (K20,
ED12, Cy3), (K20, ED13, Cy1), (K20, ED13, Cy2), (K20,
ED13, Cy3), (K20, ED14, Cy1), (K20, ED14, Cy2), (K20,
ED14, Cy3), (K20, ED15, Cy1), (K20, ED15, Cy2), (K20,
ED15, Cy3), (K20, ED16, Cyl1), (K20, ED16, Cy2), (K20,
ED16, Cy3), (K20, ED17, Cy1), (K20, ED17, Cy2), (K20,
ED17, Cy3), (K20, EDI18, Cy1), (K20, ED18, Cy2), (K20,
ED18, Cy3), (K20, ED19, Cy1), (K20, ED19, Cy2), (K20,
ED19, Cy3), (K20, ED20, Cy1), (K20, ED20, Cy2), (K20,
ED20, Cy3), (K20, ED21, Cy1), (K20, ED21, Cy2), (K20,
ED21, Cy3), (K20, ED22, Cy1), (K20, ED22, Cy2), (K20,
ED22, Cy3), (K20, ED23, Cy1), (K20, ED23, Cy2), (K20,
ED23, Cy3), (K20, ED24, Cy1), (K20, ED24, Cy2), (K20,
ED24, Cy3), (K20, ED25, Cy1), (K20, ED25, Cy2), (K20,
ED25, Cy3), (K20, ED26, Cy1), (K20, ED26, Cy2), (K20,
ED26, Cy3), (K20, ED27, Cy1), (K20, ED27, Cy2), (K20,
ED27, Cy3), (K20, ED2S, Cy1), (K20, ED28, Cy2), (K20,
ED28, Cy3), (K20, ED29, Cy1), (K20, ED29, Cy2), (K20,
ED29, Cy3), (K20, ED30, Cy1), (K20, ED30, Cy2), (K20,
ED30, Cy3), (K20, ED31, Cy1), (K20, ED31, Cy2), (K20,
ED31, Cy3), (K20, ED32, Cy1), (K20, ED32, Cy2), (K20,
ED32, Cy3), (K20, ED33, Cy1), (K20, ED33, Cy2), (K20,
ED33, Cy3), (K20, ED34, Cy1), (K20, ED34, Cy2), (K20,
ED34, Cy3), (K20, ED35, Cy1), (K20, ED35, Cy2), (K20,
ED35, Cy3), (K20, ED36, Cy1), (K20, ED36, Cy2), (K20,
ED36, Cy3), (K20, ED37, Cy1), (K20, ED37, Cy2), (K20,
ED37, Cy3), (K20, ED38, Cy1), (K20, ED38, Cy2), (K20,
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ED38, Cy3), (K20, ED39, Cy1), (K20, ED39, Cy2), (K20,
ED39, Cy3), (K20, ED40, Cy1), (K20, ED40, Cy2), (K20,
ED40, Cy3), (K20, ED41, Cy1), (K20, ED41, Cy2), (K20,
ED41, Cy3), (K20, ED42, Cyl), (K20, ED42, Cy2), (K20,
ED42, Cy3), (K20, ED43, Cy1), (K20, ED43, Cy2), (K20,
ED43, Cy3), (K20, ED44, Cy1), (K20, ED44, Cy2), (K20,
ED44, Cy3), (K20, ED45, Cy1), (K20, ED45, Cy2), (K20,
ED45, Cy3), (K20, ED46, Cy1), (K20, ED46, Cy2), (K20,
ED46, Cy3), (K20, ED47, Cy1), (K20, ED47, Cy2), (K20,
ED47, Cy3), (K20, ED48, Cy1), (K20, ED48, Cy2), (K20,
ED48, Cy3), (K20, ED49, Cy1), (K20, ED49, Cy2), (K20,
ED49, Cy3), (K20, ED50, Cy1), (K20, ED50, Cy2), (K20,
ED50, Cy3), (K20, ED51, Cyl), (K20, ED51, Cy2), (K20,
ED51, Cy3), (K20, ED52, Cyl), (K20, ED52, Cy2), (K20,
ED52, Cy3), (K20, ED53, Cyl), (K20, ED53, Cy2), (K20,
ED53, Cy3), (K20, ED54, Cy1), (K20, ED54, Cy2), (K20,
ED54, Cy3), (K20, ED55, Cyl), (K20, ED55, Cy2), (K20,
ED55, Cy3), (K20, ED56, Cy1), (K20, ED56, Cy2), (K20,
ED56, Cy3), (K20, ED57, Cyl), (K20, ED57, Cy2), (K20,
ED57, Cy3), (K20, ED58, Cyl), (K20, ED58, Cy2), (K20,
ED58, Cy3), (K20, ED59, Cy1), (K20, ED59, Cy2), (K20,
ED59, Cy3), (K20, ED60, Cy1), (K20, ED60, Cy2), (K20,
ED60, Cy3), (K20, ED61, Cy1), (K20, ED61, Cy2), (K20,
ED61, Cy3), (K20, ED62, Cyl), (K20, ED62, Cy2), (K20,
ED62, Cy3), (K20, ED63, Cyl), (K20, ED63, Cy2), (K20,
ED63, Cy3), (K20, ED64, Cy1), (K20, ED64, Cy2), (K20,
ED64, Cy3), (K20, ED65, Cy1), (K20, ED65, Cy2), (K20,
ED65, Cy3), (K20, ED66, Cy1), (K20, ED66, Cy2), (K20,
ED66, Cy3), (K20, ED67, Cyl), (K20, ED67, Cy2), (K20,
ED67, Cy3), (K20, ED68, Cy1), (K20, ED68, Cy2), (K20,
ED68, Cy3), (K20, ED69, Cy1), (K20, ED69, Cy2), (K20,
ED69, Cy3), (K20, ED70, Cy1), (K20, ED70, Cy2), (K20,
ED70, Cy3), (K20, ED71, Cyl), (K20, ED71, Cy2), (K20,
ED71, Cy3), (K20, ED72, Cyl), (K20, ED72, Cy2), (K20,
ED72, Cy3), (K20, ED73, Cyl), (K20, ED73, Cy2), (K20,
ED73, Cy3), (K20, ED74, Cyl), (K20, ED74, Cy2), (K20,
ED74, Cy3), (K20, ED75, Cyl), (K20, ED75, Cy2), (K20,
ED75, Cy3), (K20, ED76, Cyl), (K20, ED76, Cy2), (K20,
ED76, Cy3), (K20, ED77, Cyl), (K20, ED77, Cy2), (K20,
ED77, Cy3), (K20, ED78, Cyl), (K20, ED78, Cy2), (K20,
ED78, Cy3), (K20, ED79, Cyl), (K20, ED79, Cy2), (K20,
ED79, Cy3), (K20, ED80, Cy1), (K20, EDS0, Cy2), (K20,
EDS0, Cy3), (K20, ED81, Cy1), (K20, ED81, Cy2), (K20,
ED81, Cy3), (K20, ED82, Cyl), (K20, EDS2, Cy2), (K20,
EDS2, Cy3), (K20, ED83, Cy1), (K20, ED83, Cy2), (K20,
EDS3, Cy3), (K20, ED84, Cy1), (K20, ED84, Cy2), (K20,
ED84, Cy3), (K20, ED85, Cy1), (K20, EDS5, Cy2), (K20,
EDS5, Cy3), (K20, ED86, Cy1), (K20, ED86, Cy2), (K20,
EDS6, Cy3), (K20, ED87, Cy1), (K20, ED87, Cy2), (K20,
EDS7, Cy3), (K20, ED88, Cyl), (K20, EDSS, Cy2), (K20,
EDS8, Cy3), (K20, ED89, Cy1), (K20, ED89, Cy2), (K20,
EDR9, Cy3), (K20, ED90, Cy1), (K20, ED90, Cy2), (K20,
ED90, Cy3), (K20, ED91, Cy1), (K20, ED91, Cy2), (K20,
ED91, Cy3), (K20, ED92, Cy1), (K20, ED92, Cy2), (K20,
ED92, Cy3),

(K21, EDI, Cyl), (K21, ED1, Cy2), (K21, ED1, Cy3),
(K21, ED2, Cyl), (K21, ED2, Cy2), (K21, ED2, Cy3), (K21,
ED3, Cyl), (K21, ED3, Cy2), (K21, ED3, Cy3), (K21, ED4,
Cyl), (K21, ED4, Cy2), (K21, ED4, Cy3), (K21, ED5, Cy1),
(K21, EDS, Cy2), (K21, ED5, Cy3), (K21, ED6, Cy1), (K21,
ED6, Cy2), (K21, ED6, Cy3), (K21, ED6, Cy1), (K21, ED7,
Cy2), (K21, ED7, Cy3), (K21, ED8, Cyl), (K21, ED8, Cy2),
(K21, ED8, Cy3), (K21, ED9, Cy1), (K21, ED9, Cy2), (K21,
ED9, Cy3), (K21, ED10, Cyl), (K21, ED10, Cy2), (K21,
ED10, Cy3), (K21, ED11, Cyl), (K21, ED11, Cy2), (K21,
ED11, Cy3), (K21, ED12, Cyl), (K21, ED12, Cy2), (K21,
ED12, Cy3), (K21, ED13, Cyl), (K21, ED13, Cy2), (K21,
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ED13, Cy3), (K21, ED14, Cyl), (K21, ED14, Cy2), (K21,
ED14, Cy3), (K21, ED15, Cyl), (K21, ED15, Cy2), (K21,
ED15, Cy3), (K21, ED16, Cyl), (K21, ED16, Cy2), (K21,
ED16, Cy3), (K21, ED17, Cyl), (K21, ED17, Cy2), (K21,
ED17, Cy3), (K21, EDIS8, Cyl), (K21, ED18, Cy2), (K21,
EDI8, Cy3), (K21, ED19, Cyl), (K21, ED19, Cy2), (K21,
ED19, Cy3), (K21, ED20, Cy1), (K21, ED20, Cy2), (K21,
ED20, Cy3), (K21, ED21, Cyl), (K21, ED21, Cy2), (K21,
ED21, Cy3), (K21, ED22, Cy1), (K21, ED22, Cy2), (K21,
ED22, Cy3), (K21, ED23, Cyl), (K21, ED23, Cy2), (K21,
ED23, Cy3), (K21, ED24, Cyl1), (K21, ED24, Cy2), (K21,
ED24, Cy3), (K21, ED25, Cyl1), (K21, ED25, Cy2), (K21,
ED25, Cy3), (K21, ED26, Cyl), (K21, ED26, Cy2), (K21,
ED26, Cy3), (K21, ED27, Cyl), (K21, ED27, Cy2), (K21,
ED27, Cy3), (K21, ED28, Cyl), (K21, ED28, Cy2), (K21,
ED28, Cy3), (K21, ED29, Cy1), (K21, ED29, Cy2), (K21,
ED29, Cy3), (K21, ED30, Cy1), (K21, ED30, Cy2), (K21,
ED30, Cy3), (K21, ED31, Cyl), (K21, ED31, Cy2), (K21,
ED31, Cy3), (K21, ED32, Cyl), (K21, ED32, Cy2), (K21,
ED32, Cy3), (K21, ED33, Cyl), (K21, ED33, Cy2), (K21,
ED33, Cy3), (K21, ED34, Cyl), (K21, ED34, Cy2), (K21,
ED34, Cy3), (K21, ED35, Cyl), (K21, ED35, Cy2), (K21,
ED35, Cy3), (K21, ED36, Cyl), (K21, ED36, Cy2), (K21,
ED36, Cy3), (K21, ED37, Cyl), (K21, ED37, Cy2), (K21,
ED37, Cy3), (K21, ED38, Cyl), (K21, ED38, Cy2), (K21,
ED38, Cy3), (K21, ED39, Cyl1), (K21, ED39, Cy2), (K21,
ED39, Cy3), (K21, ED40, Cy1), (K21, ED40, Cy2), (K21,
ED40, Cy3), (K21, ED41, Cyl1), (K21, ED41, Cy2), (K21,
ED41, Cy3), (K21, ED42, Cyl1), (K21, ED42, Cy2), (K21,
ED42, Cy3), (K21, ED43, Cy1), (K21, ED43, Cy2), (K21,
ED43, Cy3), (K21, ED44, Cy1), (K21, ED44, Cy2), (K21,
ED44, Cy3), (K21, ED45, Cy1), (K21, ED45, Cy2), (K21,
ED45, Cy3), (K21, ED46, Cy1), (K21, ED46, Cy2), (K21,
ED46, Cy3), (K21, ED47, Cy1), (K21, ED47, Cy2), (K21,
ED47, Cy3), (K21, ED48, Cyl1), (K21, ED48, Cy2), (K21,
ED48, Cy3), (K21, ED49, Cy1), (K21, ED49, Cy2), (K21,
ED49, Cy3), (K21, ED50, Cy1), (K21, ED50, Cy2), (K21,
ED50, Cy3), (K21, ED51, Cyl), (K21, ED51, Cy2), (K21,
ED51, Cy3), (K21, ED52, Cyl), (K21, ED52, Cy2), (K21,
ED52, Cy3), (K21, ED53, Cyl), (K21, ED53, Cy2), (K21,
ED53, Cy3), (K21, ED54, Cyl), (K21, ED54, Cy2), (K21,
ED54, Cy3), (K21, ED55, Cyl), (K21, ED55, Cy2), (K21,
ED55, Cy3), (K21, ED56, Cyl), (K21, ED56, Cy2), (K21,
ED56, Cy3), (K21, ED57, Cyl), (K21, ED57, Cy2), (K21,
ED57, Cy3), (K21, ED58, Cyl), (K21, ED58, Cy2), (K21,
ED58, Cy3), (K21, ED59, Cyl1), (K21, ED59, Cy2), (K21,
ED59, Cy3), (K21, ED60, Cy1), (K21, ED60, Cy2), (K21,
ED60, Cy3), (K21, ED61, Cyl), (K21, ED61, Cy2), (K21,
ED61, Cy3), (K21, ED62, Cyl), (K21, ED62, Cy2), (K21,
ED62, Cy3), (K21, ED63, Cyl), (K21, ED63, Cy2), (K21,
ED63, Cy3), (K21, ED64, Cyl), (K21, ED64, Cy2), (K21,
ED64, Cy3), (K21, ED65, Cyl), (K21, ED65, Cy2), (K21,
ED65, Cy3), (K21, ED66, Cyl), (K21, ED66, Cy2), (K21,
ED66, Cy3), (K21, ED67, Cyl), (K21, ED67, Cy2), (K21,
ED67, Cy3), (K21, ED68, Cyl), (K21, ED68, Cy2), (K21,
ED68, Cy3), (K21, ED69, Cyl), (K21, ED69, Cy2), (K21,
ED69, Cy3), (K21, ED70, Cy1), (K21, ED70, Cy2), (K21,
ED70, Cy3), (K21, ED71, Cyl), (K21, ED71, Cy2), (K21,
ED71, Cy3), (K21, ED72, Cyl), (K21, ED72, Cy2), (K21,
ED72, Cy3), (K21, ED73, Cyl), (K21, ED73, Cy2), (K21,
ED73, Cy3), (K21, ED74, Cyl), (K21, ED74, Cy2), (K21,
ED74, Cy3), (K21, ED75, Cyl), (K21, ED75, Cy2), (K21,
ED75, Cy3), (K21, ED76, Cyl), (K21, ED76, Cy2), (K21,
ED76, Cy3), (K21, ED77, Cyl), (K21, ED77, Cy2), (K21,
ED77, Cy3), (K21, ED78, Cyl), (K21, ED78, Cy2), (K21,
ED78, Cy3), (K21, ED79, Cyl), (K21, ED79, Cy2), (K21,
ED79, Cy3), (K21, ED80, Cy1), (K21, EDS0, Cy2), (K21,
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EDS0, Cy3), (K21, ED81, Cyl), (K21, ED81, Cy2), (K21,
ED81, Cy3), (K21, ED82, Cyl), (K21, EDS2, Cy2), (K21,
EDS2, Cy3), (K21, ED83, Cyl), (K21, ED83, Cy2), (K21,
EDS3, Cy3), (K21, ED84, Cyl), (K21, ED84, Cy2), (K21,
ED84, Cy3), (K21, ED85, Cyl), (K21, ED85, Cy2), (K21,
EDS5, Cy3), (K21, ED86, Cyl), (K21, ED86, Cy2), (K21,
EDS6, Cy3), (K21, ED87, Cyl), (K21, ED87, Cy2), (K21,
EDS7, Cy3), (K21, ED88, Cyl), (K21, EDSS, Cy2), (K21,
EDS8, Cy3), (K21, ED89, Cy1), (K21, ED89, Cy2), (K21,
EDR9, Cy3), (K21, ED90, Cy1), (K21, ED90, Cy2), (K21,
ED90, Cy3), (K21, ED91, Cyl), (K21, ED91, Cy2), (K21,
ED91, Cy3), (K21, ED92, Cyl), (K21, ED92, Cy2), (K21,
ED92, Cy3),

(K22, EDI, Cyl), (K22, ED1, Cy2), (K22, ED1, Cyl),
(K22, ED2, Cyl), (K22, ED2, Cy2), (K22, ED2, Cy3), (K22,
ED3, Cyl), (K22, ED3, Cy2), (K22, ED3, Cy3), (K22, ED4,
Cyl), (K22, ED4, Cy2), (K22, ED4, Cy3), (K22, ED5, Cy1),
(K22, EDS, Cy2), (K22, EDS5, Cy3), (K22, ED6, Cy1), (K22,
ED6, Cy2), (K22, ED6, Cy3), (K22, ED7, Cy3), (K22, ED7,
Cy2), (K22, ED7, Cy3), (K22, EDS5, Cyl), (K22, ED8, Cy2),
(K22, ED8, Cy3), (K22, ED9, Cy1), (K22, ED9, Cy2), (K22,
ED9, Cy3), (K22, ED10, Cyl), (K22, ED10, Cy2), (K22,
ED10, Cy3), (K22, ED11, Cyl), (K22, ED11, Cy2), (K22,
ED11, Cy3), (K22, ED12, Cyl), (K22, ED12, Cy2), (K22,
ED12, Cy3), (K22, ED13, Cyl), (K22, ED13, Cy2), (K22,
ED13, Cy3), (K22, ED14, Cyl), (K22, ED14, Cy2), (K22,
ED14, Cy3), (K22, ED15, Cyl), (K22, ED15, Cy2), (K22,
ED15, Cy3), (K22, ED16, Cyl), (K22, ED16, Cy2), (K22,
ED16, Cy3), (K22, ED17, Cyl), (K22, ED17, Cy2), (K22,
ED17, Cy3), (K22, EDI18, Cyl), (K22, ED18, Cy2), (K22,
ED18, Cy3), (K22, ED19, Cyl), (K22, ED19, Cy2), (K22,
ED19, Cy3), (K22, ED20, Cyl), (K22, ED20, Cy2), (K22,
ED20, Cy3), (K22, ED21, Cyl), (K22, ED21, Cy2), (K22,
ED21, Cy3), (K22, ED22, Cyl), (K22, ED22, Cy2), (K22,
ED22, Cy3), (K22, ED23, Cyl), (K22, ED23, Cy2), (K22,
ED23, Cy3), (K22, ED24, Cyl), (K22, ED24, Cy2), (K22,
ED24, Cy3), (K22, ED25, Cyl), (K22, ED25, Cy2), (K22,
ED25, Cy3), (K22, ED26, Cyl), (K22, ED26, Cy2), (K22,
ED26, Cy3), (K22, ED27, Cyl), (K22, ED27, Cy2), (K22,
ED27, Cy3), (K22, ED28, Cyl), (K22, ED28, Cy2), (K22,
ED28, Cy3), (K22, ED29, Cyl), (K22, ED29, Cy2), (K22,
ED29, Cy3), (K22, ED30, Cy1), (K22, ED30, Cy2), (K22,
ED30, Cy3), (K22, ED31, Cyl), (K22, ED31, Cy2), (K22,
ED31, Cy3), (K22, ED32, Cyl), (K22, ED32, Cy2), (K22,
ED32, Cy3), (K22, ED33, Cyl), (K22, ED33, Cy2), (K22,
ED33, Cy3), (K22, ED34, Cyl), (K22, ED34, Cy2), (K22,
ED34, Cy3), (K22, ED35, Cyl), (K22, ED35, Cy2), (K22,
ED35, Cy3), (K22, ED36, Cyl), (K22, ED36, Cy2), (K22,
ED36, Cy3), (K22, ED37, Cyl), (K22, ED37, Cy2), (K22,
ED37, Cy3), (K22, ED38, Cyl), (K22, ED38, Cy2), (K22,
ED38, Cy3), (K22, ED39, Cyl), (K22, ED39, Cy2), (K22,
ED39, Cy3), (K22, ED48, Cyl), (K22, ED40, Cy2), (K22,
ED40, Cy3), (K22, ED41, Cyl), (K22, ED41, Cy2), (K22,
ED41, Cy3), (K22, ED42, Cyl), (K22, ED42, Cy2), (K22,
ED42, Cy3), (K22, ED43, Cyl), (K22, ED43, Cy2), (K22,
ED43, Cy3), (K22, ED44, Cyl), (K22, ED44, Cy2), (K22,
ED44, Cy3), (K22, ED45, Cyl), (K22, ED46, Cy2), (K22,
ED46, Cy3), (K22, ED46, Cyl), (K22, ED46, Cy2), (K22,
ED46, Cy3), (K22, ED47, Cyl), (K22, ED47, Cy2), (K22,
ED47, Cy3), (K22, ED48, Cyl), (K22, ED48, Cy2), (K22,
ED48, Cy3), (K22, ED49, Cyl), (K22, ED49, Cy2), (K22,
ED49, Cy3), (K22, ED50, Cy1), (K22, ED50, Cy2), (K22,
ED50, Cy3), (K22, ED51, Cyl), (K22, ED51, Cy2), (K22,
ED51, Cy3), (K22, ED52, Cyl), (K22, ED52, Cy2), (K22,
ED52, Cy3), (K22, ED53, Cyl), (K22, ED53, Cy2), (K22,
ED53, Cy3), (K22, ED54, Cyl), (K22, ED54, Cy2), (K22,
ED54, Cy3), (K22, ED55, Cyl), (K22, ED55, Cy2), (K22,
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ED55, Cy3), (K22, ED56, Cyl), (K22, ED56, Cy2), (K22,
ED56, Cy3), (K22, ED57, Cyl), (K22, ED57, Cy2), (K22,
ED57, Cy3), (K22, ED58, Cyl), (K22, ED58, Cy2), (K22,
ED58, Cy3), (K22, ED59, Cyl1), (K22, ED59, Cy2), (K22,
ED59, Cy3), (K22, ED68, Cyl), (K22, ED60, Cy2), (K22,
ED60, Cy3), (K22, ED61, Cyl), (K22, ED61, Cy2), (K22,
ED61, Cy3), (K22, ED62, Cyl), (K22, ED62, Cy2), (K22,
ED62, Cy3), (K22, ED63, Cyl), (K22, ED63, Cy2), (K22,
ED63, Cy3), (K22, ED64, Cy1), (K22, ED64, Cy2), (K22,
ED64, Cy3), (K22, ED65, Cyl), (K22, ED65, Cy2), (K22,
ED65, Cy3), (K22, ED66, Cyl), (K22, ED66, Cy2), (K22,
ED66, Cy3), (K22, ED67, Cyl), (K22, ED67, Cy2), (K22,
ED67, Cy3), (K22, ED68, Cyl), (K22, ED68, Cy2), (K22,
ED68, Cy3), (K22, ED69, Cyl1), (K22, ED69, Cy2), (K22,
ED69, Cy3), (K22, ED70, Cyl), (K22, ED70, Cy2), (K22,
ED70, Cy3), (K22, ED71, Cyl), (K22, ED71, Cy2), (K22,
ED71, Cy3), (K22, ED72, Cyl), (K22, ED72, Cy2), (K22,
ED72, Cy3), (K22, ED73, Cyl), (K22, ED73, Cy2), (K22,
ED73, Cy3), (K22, ED74, Cyl), (K22, ED74, Cy2), (K22,
ED74, Cy3), (K22, ED75, Cyl), (K22, ED75, Cy2), (K22,
ED75, Cy3), (K22, ED76, Cyl), (K22, ED76, Cy2), (K22,
ED76, Cy3), (K22, ED77, Cyl), (K22, ED77, Cy2), (K22,
ED77, Cy3), (K22, ED78, Cyl), (K22, ED78, Cy2), (K22,
ED78, Cy3), (K22, ED79, Cyl), (K22, ED79, Cy2), (K22,
ED79, Cy3), (K22, ED80, Cy1), (K22, EDS0, Cy2), (K22,
EDS0, Cy3), (K22, ED81, Cy1), (K22, ED81, Cy2), (K22,
ED81, Cy3), (K22, ED82, Cyl), (K22, EDS2, Cy2), (K22,
EDS2, Cy3), (K22, ED83, Cyl), (K22, ED83, Cy2), (K22,
EDS3, Cy3), (K22, ED84, Cy1), (K22, ED89, Cy2), (K22,
ED84, Cy3), (K22, EDS85, Cyl1), (K22, ED85, Cy2), (K22,
EDS5, Cy3), (K22, ED86, Cyl1), (K22, ED86, Cy2), (K22,
EDS6, Cy3), (K22, ED87, Cyl), (K22, ED87, Cy2), (K22,
EDR7, Cy3), (K22, ED88, Cyl), (K22, EDSS, Cy2), (K22,
EDS8, Cy3), (K22, ED89, Cy1), (K22, ED89, Cy2), (K22,
EDR9, Cy3), (K22, ED90, Cy1), (K22, ED90, Cy2), (K22,
ED90, Cy3), (K22, ED91, Cy1), (K22, ED91, Cy2), (K22,
ED91, Cy3), (K22, ED92, Cyl), (K22, ED92, Cy2), (K22,
ED92, Cy3),

(K23, ED1, Cyl), (K23, ED1, Cy2), (K23, ED1, Cy3).
(K23, ED2, Cyl), (K23, ED2, Cy2), (K23, ED2, Cy3), (K23,
ED3, Cyl), (K23, ED3, Cy2), (K23, ED3, Cy3), (K23, ED4,
Cyl), (K23, ED9, Cy2), (K23, ED4, Cy3), (K23, ED5, Cy1),
(K23, EDS5, Cy2), (K23, EDS5, Cy3), (K23, ED6, Cy1), (K23,
ED6, Cy2), (K23, ED6, Cy3), (K23, ED7, Cyl), (K23, ED7,
Cy2), (K23, ED7, Cy3), (K23, ED8, Cyl), (K23, ED8, Cy2),
(K23, EDS8, Cy3), (K23, ED9, Cy1), (K23, ED9, Cy2), (K23,
ED9, Cy3), (K23, ED10, Cyl), (K23, ED10, Cy2), (K23,
ED10, Cy3), (K23, ED11, Cyl), (K23, ED11, Cy2), (K23,
ED11, Cy3), (K23, ED12, Cyl), (K23, ED12, Cy2), (K23,
ED12, Cy3), (K23, ED13, Cyl), (K23, ED13, Cy2), (K23,
ED13, Cy3), (K23, ED14, Cyl), (K23, ED14, Cy2), (K23,
ED14, Cy3), (K23, ED15, Cyl1), (K23, ED15, Cy2), (K23,
ED15, Cy3), (K23, ED16, Cyl), (K23, ED16, Cy2), (K23,
ED16, Cy3), (K23, ED17, Cyl), (K23, ED17, Cy2), (K23,
ED17, Cy3), (K23, EDI18, Cyl), (K23, ED18, Cy2), (K23,
ED18, Cy3), (K23, ED19, Cyl), (K23, ED19, Cy2), (K23,
ED19, Cy3), (K23, ED20, Cy1), (K23, ED20, Cy2), (K23,
ED20, Cy3), (K23, ED21, Cyl), (K23, ED21, Cy2), (K23,
ED21, Cy3), (K23, ED22, Cyl), (K23, ED22, Cy2), (K23,
ED22, Cy3), (K23, ED23, Cyl), (K23, ED23, Cy2), (K23,
ED23, Cy3), (K23, ED24, Cyl), (K23, ED24, Cy2), (K23,
ED24, Cy3), (K23, ED25, Cyl1), (K23, ED25, Cy2), (K23,
ED25, Cy3), (K23, ED26, Cyl1), (K23, ED26, Cy2), (K23,
ED26, Cy3), (K23, ED27, Cyl), (K23, ED27, Cy2), (K23,
ED27, Cy3), (K23, ED28, Cyl), (K23, ED28, Cy2), (K23,
ED28, Cy3), (K23, ED29, Cy1), (K23, ED29, Cy2), (K23,
ED29, Cy3), (K23, ED38, Cy1), (K23, ED30, Cy2), (K23,
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ED30, Cy3), (K23, ED31, Cyl), (K23, ED31, Cy2), (K23,
ED31, Cy3), (K23, ED32, Cyl), (K23, ED32, Cy2), (K23,
ED32, Cy3), (K23, ED33, Cyl), (K23, ED33, Cy2), (K23,
ED33, Cy3), (K23, ED34, Cyl), (K23, ED34, Cy2), (K23,
ED34, Cy3), (K23, ED35, Cyl), (K23, ED35, Cy2), (K23,
ED35, Cy3), (K23, ED36, Cyl), (K23, ED36, Cy2), (K23,
ED36, Cy3), (K23, ED37, Cyl), (K23, ED37, Cy2), (K23,
ED37, Cy3), (K23, ED38, Cyl), (K23, ED38, Cy2), (K23,
ED38, Cy3), (K23, ED39, Cyl), (K23, ED39, Cy2), (K23,
ED39, Cy3), (K23, ED40, Cy1), (K23, ED90, Cy2), (K23,
ED40, Cy3), (K23, ED41, Cyl), (K23, ED41, Cy2), (K23,
ED41, Cy3), (K23, ED42, Cyl), (K23, ED42, Cy2), (K23,
ED42, Cy3), (K23, ED43, Cyl), (K23, ED43, Cy2), (K23,
ED43, Cy3), (K23, ED44, Cyl), (K23, ED44, Cy2), (K23,
ED44, Cy3), (K23, ED45, Cyl), (K23, ED45, Cy2), (K23,
ED45, Cy3), (K23, ED46, Cy1), (K23, ED46, Cy2), (K23,
ED46, Cy3), (K23, ED47, Cyl), (K23, ED47, Cy2), (K23,
ED47, Cy3), (K23, ED48, Cyl), (K23, ED49, Cy2), (K23,
ED48, Cy3), (K23, ED49, Cyl), (K23, ED49, Cy2), (K23,
ED49, Cy3), (K23, ED50, Cy1), (K23, ED50, Cy2), (K23,
ED50, Cy3), (K23, ED51, Cyl), (K23, ED51, Cy2), (K23,
ED51, Cy3), (K23, ED52, Cyl), (K23, ED52, Cy2), (K23,
ED52, Cy3), (K23, ED53, Cyl), (K23, ED53, Cy2), (K23,
ED53, Cy3), (K23, ED54, Cyl), (K23, ED54, Cy2), (K23,
ED54, Cy3), (K23, ED55, Cyl), (K23, ED55, Cy2), (K23,
ED55, Cy3), (K23, ED56, Cyl), (K23, ED56, Cy2), (K23,
ED56, Cy3), (K23, ED57, Cyl), (K23, ED57, Cy2), (K23,
ED57, Cy3), (K23, ED58, Cyl), (K23, ED58, Cy2), (K23,
ED58, Cy3), (K23, ED59, Cyl), (K23, ED59, Cy2), (K23,
ED59, Cy3), (K23, ED60, Cy1), (K23, ED60, Cy2), (K23,
ED60, Cy3), (K23, ED61, Cyl), (K23, ED61, Cy2), (K23,
ED61, Cy3), (K23, ED62, Cyl), (K23, ED62, Cy2), (K23,
ED62, Cy3), (K23, ED63, Cyl), (K23, ED63, Cy2), (K23,
ED63, Cy3), (K23, ED64, Cyl), (K23, ED64, Cy2), (K23,
ED64, Cy3), (K23, ED65, Cyl), (K23, ED65, Cy2), (K23,
ED65, Cy3), (K23, ED66, Cyl), (K23, ED66, Cy2), (K23,
ED66, Cy3), (K23, ED67, Cyl), (K23, ED67, Cy2), (K23,
ED67, Cy3), (K23, ED68, Cyl), (K23, ED68, Cy2), (K23,
ED68, Cy3), (K23, ED69, Cyl), (K23, ED69, Cy2), (K23,
ED69, Cy3), (K23, ED70, Cyl), (K23, ED70, Cy2), (K23,
ED70, Cy3), (K23, ED71, Cyl), (K23, ED71, Cy2), (K23,
ED71, Cy3), (K23, ED72, Cyl), (K23, ED72, Cy2), (K23,
ED72, Cy3), (K23, ED73, Cyl), (K23, ED73, Cy2), (K23,
ED73, Cy3), (K23, ED74, Cyl), (K23, ED74, Cy2), (K23,
ED74, Cy3), (K23, ED75, Cyl), (K23, ED75, Cy2), (K23,
ED75, Cy3), (K23, ED76, Cyl), (K23, ED76, Cy2), (K23,
ED76, Cy3), (K23, ED77, Cyl), (K23, ED77, Cy2), (K23,
ED77, Cy3), (K23, ED78, Cyl), (K23, ED78, Cy2), (K23,
ED78, Cy3), (K23, ED79, Cyl), (K23, ED79, Cy2), (K23,
ED79, Cy3), (K23, ED80, Cy1), (K23, EDS0, Cy2), (K23,
EDS0, Cy3), (K23, ED81, Cyl), (K23, ED81, Cy2), (K23,
ED81, Cy3), (K23, ED82, Cyl), (K23, EDS2, Cy2), (K23,
EDS2, Cy3), (K23, ED83, Cyl), (K23, ED83, Cy2), (K23,
EDS3, Cy3), (K23, ED84, Cyl), (K23, ED84, Cy2), (K23,
ED84, Cy3), (K23, ED85, Cyl), (K23, EDS5, Cy2), (K23,
EDS5, Cy3), (K23, ED86, Cyl), (K23, ED86, Cy2), (K23,
EDS6, Cy3), (K23, ED87, Cyl), (K23, ED87, Cy2), (K23,
EDR7, Cy3), (K23, ED88, Cyl), (K23, EDSS, Cy2), (K23,
EDS8, Cy3), (K23, ED89, Cyl), (K23, ED89, Cy2), (K23,
EDR9, Cy3), (K23, ED90, Cy1), (K23, ED90, Cy2), (K23,
ED90, Cy3), (K23, ED91, Cyl), (K23, ED91, Cy2), (K23,
ED91, Cy3), (K23, ED92, Cyl), (K23, ED92, Cy2), (K23,
ED92, Cy3),

(K24, EDI, Cyl), (K24, ED1, Cy2), (K24, ED1, Cy3),
(K24, ED2, Cyl), (K24, ED2, Cy2), (K24, ED2, Cy3), (K24,
ED3, Cyl), (K24, ED3, Cy2), (K24, ED3, Cy3), (K24, ED4,
Cyl), (K24, ED4, Cy2), (K24, ED4, Cy3), (K24, ED5, Cy1),



US 9,145,425 B2

461
(K24, EDS5, Cy2), (K24, ED5, Cy3), (K24, ED6, Cy1), (K24,
ED6, Cy2), (K24, ED6, Cy3), (K24, ED6, Cy1), (K24, ED7,
Cy2), (K24, ED7, Cy3), (K24, ED8, Cy1), (K24, ED8, Cy2),
(K24, EDS, Cy3), (K24, En, Cyl), (K24, ED9, Cy2), (K24,
ED9, Cy3), (K24, ED10, Cyl), (K24, ED10, Cy2), (K24,
ED10, Cy3), (K24, ED11, Cyl), (K24, ED11, Cy2), (K24,
ED11, Cy3), (K24, ED12, Cyl), (K24, ED12, Cy2), (K24,
ED12, Cy3), (K24, ED13, Cyl), (K24, ED13, Cy2), (K24,
ED13, Cy3), (K24, ED14, Cyl1), (K24, ED14, Cy2), (K24,
ED14, Cy3), (K24, EDI15, Cyl), (K24, ED15, Cy2), (K24,
ED15, Cy3), (K24, ED16, Cyl), (K24, ED16, Cy2), (K21,
ED16, Cy3), (K24, ED17, Cyl), (K24, ED17, Cy2), (K24,
ED17, Cy3), (K24, EDI18, Cyl), (K24, ED18, Cy2), (K24,
EDI8, Cy3), (K24, ED19, Cyl1), (K24, ED19, Cy2), (K24,
ED19, Cy3), (K24, ED20, Cy1), (K24, ED20, Cy2), (K24,
ED20, Cy3), (K24, ED21, Cyl), (K24, ED21, Cy2), (K24,
ED21, Cy3), (K24, ED22, Cyl), (K24, ED22, Cy2), (K24,
ED22, Cy3), (K24, ED23, Cyl), (K24, ED23, Cy2), (K24,
ED23, Cy3), (K24, ED24, Cyl), (K24, ED24, Cy2), (K24,
ED24, Cy3), (K24, ED25, Cyl), (K24, ED25, Cy2), (K24,
ED25, Cy3), (K24, ED26, Cy1), (K24, ED26, Cy2), (K24,
ED26, Cy3), (K24, ED27, Cyl), (K24, ED27, Cy2), (K24,
ED27, Cy3), (K24, ED28, Cyl), (K24, ED28, Cy2), (K24,
ED28, Cy3), (K24, ED29, Cy1), (K24, ED29, Cy2), (K24,
ED29, Cy3), (K24, ED30, Cy1), (K24, ED30, Cy2), (K24,
ED30, Cy3), (K24, ED31, Cyl), (K24, ED31, Cy2), (K24,
ED31, Cy3), (K24, ED32, Cyl), (K24, ED32, Cy2), (K24,
ED32, Cy3), (K24, ED33, Cyl), (K24, ED33, Cy2), (K24,
ED33, Cy3), (K24, ED34, Cy1), (K24, ED34, Cy2), (K24,
ED34, Cy3), (K24, ED35, Cyl), (K24, ED35, Cy2), (K24,
ED35, Cy3), (K24, ED36, Cyl), (K24, ED36, Cy2), (K24,
ED36, Cy3), (K24, ED37, Cyl), (K24, ED37, Cy2), (K24,
ED37, Cy3), (K24, ED38, Cyl), (K24, ED38, Cy2), (K24,
ED38, Cy3), (K24, ED39, Cy1), (K24, ED39, Cy2), (K24,
ED39, Cy3), (K24, ED40, Cy1), (K24, ED40, Cy2), (K24,
ED40, Cy3), (K24, ED41, Cyl1), (K24, ED41, Cy2), (K24,
ED41, Cy3), (K24, ED42, Cyl), (K24, ED42, Cy2), (K24,
ED42, Cy3), (K24, ED43, Cy1), (K24, ED43, Cy2), (K24,
ED43, (K24, ED44, Cy3), (K24, ED44, Cy2), (K24, ED44,
Cy3), (K24, ED45, Cyl), (K24, ED45, Cy2), (K24, ED45,
Cy3), (K24, ED46, Cyl), (K24, ED46, Cy2), (K24, ED46,
Cy3), (K24, ED47, Cyl), (K24, ED47, Cy2), (K24, ED47,
Cy3), (K24, ED48, Cyl), (K24, ED48, Cy2), (K24, ED48,
Cy3), (K24, ED49, Cyl), (K24, ED49, Cy2), (K24, ED49,
Cy3), (K24, ED50, Cy1), (K24, ED50, Cy2), (K24, ED50,
Cy3), (K24, ED51, Cyl), (K24, ED51, Cy2), (K24, ED51,
Cy3), (K24, ED52, Cyl), (K24, ED52, Cy2), (K24, ED52,
Cy3), (K24, ED53, Cyl), (K24, ED53, Cy2), (K24, ED53,
Cy3), (K24, ED54, Cyl), (K24, ED54, Cy2), (K24, ED54,
Cy3), (K24, ED55, Cyl), (K24, ED55, Cy2), (K24, ED55,
Cy3), (K24, ED56, Cyl), (K24, ED56, Cy2), (K24, ED56,
Cy3), (K24, ED57, Cyl), (K24, ED57, Cy2), (K24, ED57,
Cy3), (K24, ED58, Cyl), (K24, ED58, Cy2), (K24, ED58,
Cy3), (K24, ED59, Cyl), (K24, ED59, Cy2), (K24, ED59,
Cy3), (K24, ED60, Cyl), (K24, ED60, Cy2), (K24, ED60,
Cy3), (K24, ED61, Cyl), (K24, ED61, Cy2), (K24, ED61,
Cy3), (K24, ED62, Cyl), (K24, ED62, Cy2), (K24, ED62,
Cy3), (K24, ED63, Cyl), (K24, ED63, Cy2), (K24, ED63,
Cy3), (K24, ED64, Cyl), (K24, ED64, Cy2), (K24, ED64,
Cy3), (K24, ED65, Cyl), (K24, ED65, Cy2), (K24, ED65,
Cy3), (K24, ED66, Cyl), (K24, ED66, Cy2), (K24, ED66,
Cy3), (K24, ED67, Cyl), (K24, ED67, Cy2), (K24, ED67,
Cy3), (K24, ED68, Cyl), (K24, ED68, Cy2), (K24, ED6S,
Cy3), (K24, ED69, Cyl), (K24, ED69, Cy2), (K24, ED69,
Cy3), (K24, ED70, Cyl), (K24, ED70, Cy2), (K24, ED70,
Cy3), (K24, ED71, Cyl), (K24, ED71, Cy2), (K24, ED71,
Cy3), (K24, ED72, Cyl), (K24, ED72, Cy2), (K24, ED72,
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Cy3), (K24, ED73, Cyl), (K24, ED73, Cy2), (K24, ED73,
Cy3), (K24, ED74, Cyl), (K24, ED74, Cy2), (K24, ED74,
Cy3), (K24, ED75, Cyl), (K24, ED75, Cy2), (K24, ED75,
Cy3), (K24, ED76, Cyl), (K24, ED76, Cy2), (K24, ED76,
Cy3), (K24, ED77, Cyl), (K24, ED77, Cy2), (K24, ED77,
Cy3), (K24, ED78, Cyl), (K24, ED78, Cy2), (K24, ED78,
Cy3), (K24, ED79, Cyl), (K24, ED79, Cy2), (K24, ED79,
Cy3), (K24, EDS80, Cyl), (K24, ED80, Cy2), (K24, EDS0,
Cy3), (K24, ED81, Cyl), (K24, ED81, Cy2), (K24, ED81,
Cy3), (K24, ED82, Cyl), (K24, ED82, Cy2), (K24, EDS2,
Cy3), (K24, EDS83, Cyl), (K24, ED83, Cy2), (K24, EDS3,
Cy3), (K24, ED84, Cyl), (K24, ED84, Cy2), (K24, ED84,
Cy3), (K24, EDS85, Cyl), (K24, ED85, Cy2), (K24, EDS5,
Cy3), (K29, ED86, Cyl), (K24, ED86, Cy2), (K24, EDS6,
Cy3), (K24, ED87, Cyl), (K24, ED87, Cy2), (K24, ED%7,
Cy3), (K24, EDS88, Cyl), (K24, ED8S, Cy2), (K24, EDSS,
Cy3), (K24, ED89, Cyl), (K29, ED89, Cy2), (K24, EDS9,
Cy3), (K24, ED90, Cy1), (K24, ED90, Cy2), (K29, ED90,
Cy3), (K24, ED91, Cyl), (K24, ED91, Cy2), (K24, EDO1,
Cy3), (K24, ED92, Cyl), (K24, ED92, Cy2), (K29, ED92,
Cy3),

(K25, EDI, Cyl), (K25, ED1, Cy2), (K25, ED1, Cy3),
(K25, ED2, Cyl), (K25, ED2, Cy2), (K25, ED2, Cy3), (K25,
ED3, Cyl), (K25, ED3, Cy2), (K25, ED3, Cy3), (K25, ED4,
Cyl), (K25, EN, Cy2), (K25, ED4, Cy3), (K25, ED5, Cy1),
(K25, EDS, Cy2), (K25, EDS5, Cy3), (K25, ED6, Cy1), (K25,
ED6, Cy2), (K25, ED6, Cy3), (K25, ED7, Cyl), (K25, ED7,
Cy2), (K25, ED7, Cy3), (K25, EDS5, Cyl), (K25, ED5, Cy2),
(K25, EDS, Cy3), (K25, ED9, Cy1), (K25, ED9, Cy2), (K25,
ED9, Cy3), (K25, ED10, Cyl), (K25, ED10, Cy2), (K25,
ED10, Cy3), (K25, ED11, Cyl), (K25, ED11, Cy2), (K25,
ED11, Cy3), (K25, ED12, Cyl), (K25, ED12, Cy2), (K25,
ED12, Cy3), (K25, ED13, Cyl), (K25, ED13, Cy2), (K25,
ED13, Cy3), (K25, ED14, Cyl), (K25, ED14, Cy2), (K25,
ED14, Cy3), (K25, ED15, Cyl), (K25, ED15, Cy2), (K25,
ED15, Cy3), (K25, ED16, Cyl), (K25, ED16, Cy2), (K25,
ED16, Cy3), (K25, ED17, Cyl), (K25, ED17, Cy2), (K25,
ED17, Cy3), (K25, EDI18, Cyl), (K25, ED25, Cy2), (K25,
ED18, Cy3), (K25, ED19, Cyl), (K25, ED19, Cy2), (K25,
ED19, Cy3), (K25, ED20, Cy1), (K25, ED20, Cy2), (K25,
ED20, Cy3), (K25, ED21, Cyl), (K25, ED21, Cy2), (K25,
ED21, Cy3), (K25, ED22, Cyl), (K25, ED22, Cy2), (K25,
ED22, Cy3), (K25, ED23, Cyl), (K25, ED23, Cy2), (K25,
ED23, Cy3), (K25, ED24, Cyl), (K25, ED24, Cy2), (K25,
ED24, Cy3), (K25, ED25, Cyl), (K25, ED25, Cy2), (K25,
ED25, Cy3), (K25, ED26, Cyl), (K25, ED26, Cy2), (K25,
ED26, Cy3), (K25, ED27, Cyl), (K25, ED27, Cy2), (K25,
ED27, Cy3), (K25, ED28, Cyl), (K25, ED28, Cy2), (K25,
ED28, Cy3), (K25, ED29, Cyl), (K25, ED29, Cy2), (K25,
ED29, Cy3), (K25, ED30, Cy1), (K25, ED30, Cy2), (K25,
ED30, Cy3), (K25, ED31, Cyl), (K25, ED31, Cy2), (K25,
ED31, Cy3), (K25, ED32, Cyl), (K25, ED32, Cy2), (K25,
ED32, Cy3), (K25, ED33, Cyl), (K25, ED33, Cy2), (K25,
ED33, Cy3), (K25, ED34, Cyl), (K25, ED34, Cy2), (K25,
ED34, Cy3), (K25, ED35, Cyl), (K25, ED35, Cy2), (K25,
ED35, Cy3), (K25, ED36, Cyl), (K25, ED36, Cy2), (K25,
ED36, Cy3), (K25, ED37, Cyl), (K25, ED37, Cy2), (K25,
ED37, Cy3), (K25, ED38, Cyl), (K25, ED38, Cy2), (K25,
ED38, Cy3), (K25, ED39, Cyl), (K25, ED39, Cy2), (K25,
ED39, Cy3), (K25, ED40, Cy1), (K25, ED40, Cy2), (K25,
ED40, Cy3), (K25, ED41, Cyl), (K25, ED41, Cy2), (K25,
ED41, Cy3), (K25, ED42, Cyl), (K25, ED42, Cy2), (K25,
ED42, Cy3), (K25, ED43, Cyl), (K25, ED43, Cy2), (K25,
ED43, Cy3), (K25, ED44, Cyl), (K25, ED44, Cy2), (K25,
ED44, Cy3), (K25, ED45, Cyl), (K25, ED45, Cy2), (K25,
ED45, Cy3), (K25, ED46, Cy1), (K25, ED46, Cy2), (K25,
ED46, Cy3), (K25, ED47, Cyl), (K25, ED47, Cy2), (K25,
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ED47, Cy3), (K25, ED48, Cyl), (K25, ED48, Cy2), (K25,
ED48, Cy3), (K25, ED49, Cy1), (K25, ED49, Cy2), (K25,
ED49, Cy3), (K25, ED50, Cy1), (K25, ED50, Cy2), (K25,
ED50, Cy3), (K25, ED51, Cyl), (K25, ED51, Cy2), (K25,
ED51, Cy3), (K25, ED52, Cyl), (K25, ED52, Cy2), (K25,
ED52, Cy3), (K25, ED53, Cyl), (K25, ED53, Cy2), (K25,
ED53, Cy3), (K25, ED54, Cyl1), (K25, ED54, Cy2), (K25,
ED54, Cy3), (K25, ED55, Cyl), (K25, ED55, Cy2), (K25,
ED55, Cy3), (K25, ED56, Cyl), (K25, ED56, Cy2), (K25,
ED56, Cy3), (K25, ED57, Cyl), (K25, ED57, Cy2), (K25,
ED57, Cy3), (K25, ED58, Cyl), (K25, ED58, Cy2), (K25,
ED58, Cy3), (K25, ED59, Cyl), (K25, ED59, Cy2), (K25,
ED59, Cy3), (K25, ED60, Cy1), (K25, ED60, Cy2), (K25,
ED60, Cy3), (K25, ED61, Cyl), (K25, ED61, Cy2), (K25,
ED61, Cy3), (K25, ED62, Cyl), (K25, ED62, Cy2), (K25,
ED62, Cy3), (K25, ED63, Cyl), (K25, ED63, Cy2), (K25,
ED63, Cy3), (K25, ED64, Cyl), (K25, ED64, Cy2), (K25,
ED64, Cy3), (K25, ED65, Cyl), (K25, ED65, Cy2), (K25,
ED65, Cy3), (K25, ED66, Cyl), (K25, ED66, Cy2), (K25,
ED66, Cy3), (K25, ED67, Cyl), (K25, ED67, Cy2), (K25,
ED67, Cy3), (K25, ED68, Cyl), (K23, ED68, Cy2), (K25,
ED68, Cy3), (K25, ED69, Cyl), (K25, ED69, Cy2), (K25,
ED69, Cy3), (K25, ED70, Cy1), (K25, ED70, Cy2), (K25,
ED70, Cy3), (K25, ED71, Cyl), (K25, ED71, Cy2), (K25,
ED71, Cy3), (K25, ED72, Cyl), (K25, ED72, Cy2), (K25,
ED72, Cy3), (K25, ED73, Cyl), (K25, ED73, Cy2), (K25,
ED73, Cy3), (K25, ED74, Cyl), (K25, ED74, Cy2), (K25,
ED74, Cy3), (K25, ED75, Cyl), (K25, ED75, Cy2), (K25,
ED75, Cy3), (K25, ED76, Cyl), (K25, ED76, Cy2), (K25,
ED76, Cy3), (K25, ED77, Cyl), (K25, ED77, Cy2), (K25,
ED77, Cy3), (K25, ED78, Cyl), (K25, ED78, Cy2), (K25,
ED78, Cy3), (K25, ED79, Cyl), (K25, ED79, Cy2), (K25,
ED79, Cy3), (K25, ED80, Cy1), (K25, EDS0, Cy2), (K25,
EDS0, Cy3), (K25, ED81, Cyl1), (K25, ED81, Cy2), (K25,
ED81, Cy3), (K25, ED82, Cyl), (K25, EDS2, Cy2), (K25,
EDS2, Cy3), (K25, ED83, Cyl), (K25, ED83, Cy2), (K25,
EDS3, Cy3), (K25, ED84, Cy1), (K25, ED84, Cy2), (K25,
ED84, Cy3), (K25, ED85, Cyl), (K25, ED85, Cy2), (K25,
EDS5, Cy3), (K25, ED86, Cyl1), (K25, ED86, Cy2), (K25,
EDS6, Cy3), (K23, ED87, Cyl), (K25, ED87, Cy2), (K25,
EDS7, Cy3), (K25, ED88, Cyl), (K25, EDSS, Cy2), (K25,
EDS8, Cy3), (K25, ED89, Cy1), (K25, ED89, Cy2), (K25,
EDR9, Cy3), (K25, ED90, Cy1), (K25, ED90, Cy2), (K25,
ED90, Cy3), (K25, ED91, Cy1), (K25, ED91, Cy2), (K25,
ED91, Cy3), (K25, ED92, Cy1), (K25, ED92, Cy2), (K25,
ED92, Cy3),

(K26, ED1, Cyl), (K26, ED1, Cy2), (K26, ED1, Cy3).
(K26, ED2, Cyl), (K26, ED2, Cy2), (K26, ED2, Cy3), (K26,
ED3, Cyl), (K26, ED3, Cy2), (K26, ED3, Cy3), (K26, ED4,
Cyl), (K26, ED4, Cy2), (K26, ED4, Cy3), (K26, ED5, Cy1),
(K26, EDS5, Cy2), (K26, ED5, Cy3), (K26, ED6, Cy1), (K26,
ED6, Cy2), (K26, ED6, Cy3), (K26, ED7, Cyl), (K26, ED7,
Cy2), (K26, ED7, Cy3), (K26, EDS5, Cyl), (K26, ED8, Cy2),
(K26, EDS8, Cy3), (K26, ED9, Cy1), (K26, ED9, Cy2), (K26,
ED9, Cy3), (K26, ED10, Cyl), (K26, ED10, Cy2), (K26,
ED10, Cy3), (K26, ED11, Cyl), (K26, ED11, Cy2), (K26,
ED11, Cy3), (K26, ED12, Cyl), (K26, ED12, Cy2), (K26,
ED12, Cy3), (K26, ED13, Cyl), (K26, ED13, Cy2), (K26,
ED13, Cy3), (K26, ED14, Cyl1), (K26, ED14, Cy2), (K26,
ED14, Cy3), (K26, ED15, Cyl1), (K26, ED15, Cy2), (K26,
ED15, Cy3), (K26, ED16, Cyl), (K26, ED16, Cy2), (K26,
ED16, Cy3), (K26, ED17, Cyl), (K26, ED17, Cy2), (K26,
ED17, Cy3), (K26, EDI18, Cyl), (K26, ED18, Cy2), (K26,
ED18, Cy3), (K26, ED19, Cyl1), (K26, ED19, Cy2), (K26,
ED19, Cy3), (K26, ED20, Cy1), (K26, ED20, Cy2), (K26,
ED20, Cy3), (K26, ED21, Cyl), (K26, ED21, Cy2), (K26,
ED21, Cy3), (K26, ED22, Cy1), (K26, ED22, Cy2), (K26,
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ED22, Cy3), (K26, ED23, Cyl), (K26, ED23, Cy2), (K26,
ED23, Cy3), (K26, ED24, Cyl), (K26, ED24, Cy2), (K26,
ED24, Cy3), (K26, ED25, Cyl), (K26, ED25, Cy2), (K26,
ED25, Cy3), (K26, ED26, Cyl), (K26, ED26, Cy2), (K26,
ED26, Cy3), (K26, ED27, Cyl), (K26, ED27, Cy2), (K26,
ED27, Cy3), (K26, ED28, Cyl), (K26, ED28, Cy2), (K26,
ED28, Cy3), (K26, ED29, Cyl), (K26, ED29, Cy2), (K26,
ED29, Cy3), (K26, ED30, Cy1), (K26, ED30, Cy2), (K26,
ED30, Cy3), (K26, ED31, Cyl), (K26, ED31, Cy2), (K26,
ED31, Cy3), (K26, ED32, Cyl), (K26, ED32, Cy2), (K26,
ED32, Cy3), (K26, ED33, Cyl), (K26, ED33, Cy2), (K26,
ED33, Cy3), (K26, ED34, Cyl), (K26, ED34, Cy2), (K26,
ED34, Cy3), (K26, ED35, Cyl), (K26, ED35, Cy2), (K26,
ED35, Cy3), (K26, ED36, Cyl), (K26, ED36, Cy2), (K26,
ED36, Cy3), (K26, ED37, Cyl), (K26, ED37, Cy2), (K26,
ED37, Cy3), (K26, ED38, Cyl), (K26, ED38, Cy2), (K26,
ED38, Cy3), (K26, ED39, Cyl), (K26, ED39, Cy2), (K26,
ED39, Cy3), (K26, ED40, Cy1), (K26, ED40, Cy2), (K26,
ED40, Cy3), (K26, ED41, Cyl), (K26, ED41, Cy2), (K26,
ED41, Cy3), (K26, ED42, Cyl), (K26, ED42, Cy2), (K26,
ED42, Cy3), (K26, ED43, Cyl), (K26, ED43, Cy2), (K26,
ED43, Cy3), (K26, ED44, Cyl), (K26, ED44, Cy2), (K26,
ED44, Cy3), (K26, ED45, Cy1), (K26, ED45, Cy2), (K26,
ED45, Cy3), (K26, ED46, Cy1), (K26, ED46, Cy2), (K26,
ED46, Cy3), (K26, ED47, Cyl), (K26, ED47, Cy2), (K26,
ED47, Cy3), (K26, ED48, Cy1), (K26, ED48, Cy2), (K26,
ED48, Cy3), (K26, ED49, Cyl), (K26, ED49, Cy2), (K26,
ED49, Cy3), (K26, ED50, Cy1), (K26, ED50, Cy2), (K26,
ED50, Cy3), (K26, ED51, Cyl), (K26, ED51, Cy2), (K26,
ED51, Cy3), (K26, ED52, Cyl), (K26, ED52, Cy2), (K26,
ED52, Cy3), (K26, ED53, Cyl), (K26, ED53, Cy2), (K26,
ED53, Cy3), (K26, ED54, Cyl), (K26, ED54, Cy2), (K26,
ED54, Cy3), (K26, ED55, Cyl), (K26, ED55, Cy2), (K26,
ED55, Cy3), (K26, ED56, Cyl), (K26, ED56, Cy2), (K26,
ED56, Cy3), (K26, ED57, Cyl), (K26, ED57, Cy2), (K26,
ED57, Cy3), (K26, ED58, Cyl), (K26, ED58, Cy2), (K26,
ED58, Cy3), (K26, ED59, Cyl), (K26, ED59, Cy2), (K26,
ED59, Cy3), (K26, ED60, Cy1), (K26, ED60, Cy2), (K26,
ED60, Cy3), (K26, ED61, Cyl), (K26, ED61, Cy2), (K26,
ED61, Cy3), (K26, ED62, Cyl), (K26, ED62, Cy2), (K26,
ED62, Cy3), (K26, ED63, Cyl), (K26, ED63, Cy2), (K26,
ED63, Cy3), (K26, ED64, Cyl), (K26, ED64, Cy2), (K26,
ED64, Cy3), (K26, ED65, Cyl), (K26, ED65, Cy2), (K26,
ED65, Cy3), (K26, ED66, Cyl), (K26, ED66, Cy2), (K26,
ED66, Cy3), (K26, ED67, Cyl), (K26, ED67, Cy2), (K26,
ED67, Cy3), (K26, ED68, Cyl), (K26, ED68, Cy2), (K26,
ED68, Cy3), (K26, ED69, Cyl), (K26, ED69, Cy2), (K26,
ED69, Cy3), (K26, ED70, Cyl), (K26, ED70, Cy2), (K26,
ED70, Cy3), (K26, ED71, Cyl), (K26, ED71, Cy2), (K26,
ED71, Cy3), (K26, ED72, Cyl), (K26, ED72, Cy2), (K26,
ED72, Cy3), (K26, ED73, Cyl), (K26, ED73, Cy2), (K26,
ED73, Cy3), (K26, ED74, Cyl), (K26, ED74, Cy2), (K26,
ED74, Cy3), (K26, ED75, Cyl), (K26, ED75, Cy2), (K26,
ED75, Cy3), (K26, ED76, Cyl), (K26, ED76, Cy2), (K26,
ED76, Cy3), (K26, ED77, Cyl), (K26, ED77, Cy2), (K26,
ED77, Cy3), (K26, ED78, Cyl), (K26, ED78, Cy2), (K26,
ED78, Cy3), (K26, ED79, Cyl), (K26, ED79, Cy2), (K26,
ED79, Cy3), (K26, ED80, Cy1), (K26, EDS0, Cy2), (K26,
EDR0, Cy3), (K26, ED81, Cy1), (K26, ED81, Cy2), (K26,
ED81, Cy3), (K26, ED82, Cyl), (K26, EDS2, Cy2), (K26,
EDS2, Cy3), (K26, ED83, Cyl), (K26, ED83, Cy2), (K26,
EDS3, Cy3), (K26, ED84, Cyl), (K26, ED84, Cy2), (K26,
ED84, Cy3), (K26, ED85, Cyl), (K26, EDS85, Cy2), (K26,
EDS5, Cy3), (K26, ED86, Cyl), (K26, ED86, Cy2), (K26,
EDS6, Cy3), (K26, ED87, Cyl), (K26, ED87, Cy2), (K26,
EDR7, Cy3), (K26, ED88, Cy1), (K26, EDSS, Cy2), (K26,
EDS8, Cy3), (K26, ED89, Cyl), (K26, ED89, Cy2), (K26,
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EDR9, Cy3), (K26, ED90, Cy1), (K26, ED90, Cy2), (K26,
ED90, Cy3), (K26, ED91, Cy1), (K26, ED91, Cy2), (K26,
ED91, Cy1), (K26, ED92, Cy1), (K26, ED92, Cy2), (K26,
ED92, Cy3),

(K27, ED1, Cyl), (K27, ED1, Cy2), (K27, ED1, Cy3).
(K27, ED2, Cyl), (K27, ED2, Cy2), (K27, ED2, Cy3), (K27,
ED3, Cyl), (K27, ED3, Cy2), (K27, ED3, Cy1), (K27, ED4,
Cyl), (K27, ED4, Cy2), (K27, ED4, Cy3), (K27, ED5, Cy1),
(K27, EDS, Cy2), (K27, EDS5, Cy3), (K27, ED6, Cy1), (K27,
ED6, Cy2), (K27, ED6, Cy3), (K27, ED7, Cyl), (K27, ED7,
Cy2), (K27, ED7, Cy1), (K27, EDS5, Cyl), (K27, ED8, Cy2),
(K27, EDS, Cy3), (K27, ED9, Cy1), (K27, ED9, Cy2), (K27,
ED9, Cy3), (K27, ED10, Cyl), (K27, ED10, Cy2), (K27,
ED10, Cy3), (K27, EDI11, Cyl), (K27, ED11, Cy2), (K27,
ED11, Cy3), (K27, ED12, Cyl), (K27, ED12, Cy2), (K27,
ED12, Cy3), (K27, ED13, Cyl), (K27, ED13, Cy2), (K27,
ED13, Cy3), (K27, ED14, Cyl), (K28, ED14, Cy2), (K27,
ED14, Cy3), (K27, EDI15, Cyl), (K27, ED15, Cy2), (K27.
ED15, Cy3), (K27, ED16, Cyl), (K28, ED16, Cy2), (K27,
ED16, Cy3), (K28, ED17, Cyl), (K28, ED17, Cy2), (K27.
ED17, Cy3), (K27, EDI18, Cyl), (K28, ED18, Cy2), (K27,
ED18, Cy3), (K27, ED19, Cyl), (K27, ED19, Cy2), (K27,
ED19, Cy3), (K27, ED20, Cy1), (K27, ED20, Cy2), (K27,
ED20, Cy3), (K27, ED21, Cyl), (K27, ED21, Cy2), (K27,
ED21, Cy3), (K27, ED22, Cyl), (K27, ED22, Cy2), (K27,
ED22, Cy3), (K27, ED23, Cyl), (K27, ED23, Cy2), (K27,
ED23, Cy3), (K27, ED24, Cyl), (K27, ED24, Cy2), (K27,
ED24, Cy3), (K27, ED25, Cyl), (K27, ED25, Cy2), (K27,
ED25, Cy3), (K27, ED26, Cyl), (K27, ED26, Cy2), (K27,
ED26, Cy3), (K27, ED27, Cyl), (K27, ED27, Cy2), (K27,
ED27, Cy3), (K27, ED28, Cyl), (K27, ED28, Cy2), (K27.
ED28, Cy3), (K27, ED29, Cyl), (K27, ED29, Cy2), (K27.
ED29, Cy3), (K27, ED30, Cy1), (K27, ED30, Cy2), (K27,
ED30, Cy3), (K27, ED31, Cyl), (K27, ED31, Cy2), (K27,
ED31, Cy3), (K27, ED32, Cyl), (K27, ED32, Cy2), (K27,
ED32, Cy3), (K27, ED33, Cyl), (K27, ED33, Cy2), (K27.
ED33, Cy3), (K27, ED34, Cyl), (K27, ED34, Cy2), (K27.
ED34, Cy3), (K27, ED35, Cyl), (K27, ED35, Cy2), (K27,
ED35, Cy3), (K27, ED36, Cyl), (K27, ED36, Cy2), (K27,
ED36, Cy3), (K27, ED37, Cyl), (K27, ED37, Cy2), (K27,
ED37, Cy3), (K27, ED38, Cyl), (K27, ED38, Cy2), (K27.
ED38, Cy3), (K27, ED39, Cyl), (K27, ED39, Cy2), (K27,
ED39, Cy3), (K27, ED40, Cy1), (K27, ED40, Cy2), (K27,
ED40, Cy3), (K27, ED41, Cyl), (K27, ED41, Cy2), (K27,
ED41, Cy3), (K27, ED42, Cyl), (K27, ED42, Cy2), (K27,
ED42, Cy3), (K27, ED43, Cyl), (K27, ED43, Cy2), (K27.
ED43, Cy3), (K27, ED44, Cyl), (K27, ED44, Cy2), (K27,
ED44, Cy3), (K27, ED45, Cyl), (K27, ED45, Cy2), (K27,
ED45, Cy3), (K27, ED46, Cy1), (K27, ED46, Cy2), (K27,
ED46, Cy3), (K27, ED47, Cyl), (K27, ED47, Cy2), (K27,
ED47, Cy3), (K27, ED48, Cy1), (K27, ED48, Cy2), (K27.
ED48, Cy3), (K27, ED49, Cy1), (K27, ED49, Cy2), (K27,
ED49, Cy3), (K27, ED50, Cy1), (K27, ED50, Cy2), (K27,
ED50, Cy3), (K27, ED51, Cyl), (K27, ED51, Cy2), (K27,
ED51, Cy3), (K27, ED52, Cyl), (K27, ED52, Cy2), (K27,
ED52, Cy3), (K27, ED53, Cyl), (K27, ED53, Cy2), (K27,
ED53, Cy3), (K27, ED54, Cyl), (K27, ED54, Cy2), (K27,
ED54, Cy3), (K27, ED55, Cyl), (K27, ED55, Cy2), (K27,
ED55, Cy3), (K27, ED56, Cyl), (K27, ED56, Cy2), (K27,
ED56, Cy3), (K27, ED57, Cyl), (K27, ED57, Cy2), (K27,
ED57, Cy3), (K27, ED58, Cyl), (K27, ED58, Cy2), (K27,
ED58, Cy3), (K27, ED59, Cyl), (K27, ED59, Cy2), (K27,
ED59, Cy3), (K27, ED60, Cy1), (K27, ED60, Cy2), (K27,
ED60, Cy3), (K27, ED61, Cyl), (K27, ED61, Cy2), (K27,
ED61, Cy3), (K27, ED62, Cyl), (K27, ED62, Cy2), (K27,
ED62, Cy3), (K27, ED63, Cyl), (K27, ED63, Cy2), (K27,
ED63, Cy3), (K27, ED64, Cyl), (K27, ED64, Cy2), (K27,
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ED64, Cy3), (K27, ED65, Cyl), (K27, ED65, Cy2), (K27,
ED65, Cy3), (K27, ED66, Cyl), (K27, ED66, Cy2), (K27,
ED66, Cy3), (K27, ED67, Cyl), (K27, ED67, Cy2), (K27,
ED67, Cy3), (K27, ED68, Cyl), (K27, ED68, Cy2), (K27.
ED68, Cy3), (K27, ED69, Cyl), (K27, ED69, Cy2), (K27,
ED69, Cy3), (K27, ED70, Cyl), (K27, ED70, Cy2), (K27,
ED70, Cy3), (K27, ED71, Cyl), (K27, ED71, Cy2), (K27,
ED71, Cy3), (K27, ED72, Cyl), (K27, ED72, Cy2), (K27,
ED72, Cy3), (K27, ED73, Cyl), (K27, ED73, Cy2), (K27,
ED73, Cy3), (K27, ED74, Cyl), (K27, ED74, Cy2), (K27,
ED74, Cy3), (K27, ED75, Cyl), (K27, ED75, Cy2), (K27.
ED75, Cy3), (K27, ED76, Cyl), (K27, ED76, Cy2), (K27,
ED76, Cy3), (K27, ED77, Cyl), (K27, ED77, Cy2), (K27.
ED77, Cy3), (K27, ED78, Cyl), (K27, ED78, Cy2), (K27,
ED78, Cy3), (K27, ED79, Cyl), (K27, ED79, Cy2), (K27.
ED79, Cy3), (K27, ED80, Cy1), (K27, EDS0, Cy2), (K27,
EDS0, Cy3), (K27, ED81, Cyl), (K27, ED81, Cy2), (K27,
ED81, Cy3), (K27, ED82, Cyl), (K27, EDS2, Cy2), (K27.
EDS2, Cy3), (K27, ED83, Cyl), (K27, EDS83, Cy2), (K27,
EDS3, Cy3), (K27, ED84, Cyl), (K27, ED84, Cy2), (K27,
ED84, Cy3), (K27, ED85, Cyl), (K27, ED85, Cy2), (K27,
EDS5, Cy3), (K27, ED86, Cyl), (K27, ED86, Cy2), (K27,
EDS6, Cy3), (K27, ED87, Cyl), (K27, ED87, Cy2), (K27,
EDR7, Cy3), (K27, ED88, Cyl), (K27, EDSS, Cy2), (K27,
EDS8, Cy3), (K27, ED89, Cyl), (K27, ED89, Cy2), (K27.
EDR9, Cy3), (K27, ED90, Cy1), (K27, ED90, Cy2), (K27,
ED90, Cy3), (K27, ED91, Cyl), (K27, ED91, Cy2), (K27,
ED91, Cy3), (K27, ED92, Cyl), (K27, ED92, Cy2), (K27,
ED92, Cy3),

(K28, EDI, Cyl), (K28, ED1, Cy2), (K28, ED1, Cy3),
(K28, ED2, Cy1), (K28, ED2, Cy2), (K28, ED2, Cy3), (K28,
ED3, Cy1), (K28, ED3, Cy2), (K28, ED3, Cy3), (K28, ED4,
Cyl), (K28, ED4, Cy2), (K28, ED4, Cy3), (K28, ED5, Cy1),
(K28, EDS, Cy2), (K28, EDS5, Cy3), (K28, ED6, Cy1), (K28,
ED6, Cy2), (K28, ED6, Cy3), (K28, ED7, Cyl), (K28, ED7,
Cy2), (K28, ED7, Cy3), (K28, ED8, Cyl), (K28, EDS, Cy2),
(K28, ED8, Cy3), (K28, ED9, Cy1), (K28, ED9, Cy2), (K28,
ED9, Cy3), (K28, ED10, Cyl), (K28, ED10, Cy2), (K28,
ED10, Cy3), (K28, ED11, Cyl), (K28, ED11, Cy2), (K28,
ED11, Cy3), (K28, ED12, Cyl), (K28, ED12, Cy2), (K28,
ED12, Cy3), (K28, ED13, Cyl), (K28, ED13, Cy2), (K28,
ED13, Cy3), (K28, ED14, Cyl), (K28, ED14, Cy2), (K28,
ED14, Cy3), (K28, ED15, Cyl), (K28, ED15, Cy2), (K28,
ED15, Cy3), (K28, ED16, Cyl), (K28, ED16, Cy2), (K28,
ED16, Cy3), (K28, ED17, Cyl), (K28, ED17, Cy2), (K28,
ED17, Cy3), (K28, EDI18, Cyl), (K28, ED18, Cy2), (K28,
EDI8, Cy3), (K28, ED19, Cyl), (K28, ED19, Cy2), (K28,
ED19, Cy3), (K28, ED20, Cyl), (K28, ED20, Cy2), (K28,
ED20, Cy3), (K28, ED21, Cyl), (K28, ED21, Cy2), (K28,
ED21, Cy3), (K28, ED22, Cyl), (K28, ED22, Cy2), (K28,
ED22, Cy3), (K28, ED23, Cyl), (K28, ED23, Cy2), (K28,
ED23, Cy3), (K28, ED24, Cyl), (K28, ED24, Cy2), (K28,
ED24, Cy3), (K28, ED25, Cyl), (K29, ED25, Cy2), (K28,
ED25, Cy3), (K28, ED26, Cyl), (K28, ED26, Cy2), (K28,
ED26, Cy3), (K28, ED27, Cyl), (K28, ED27, Cy2), (K28,
ED27, Cy3), (K28, ED28, Cyl), (K28, ED28, Cy2), (K28,
ED28, Cy3), (K28, ED29, Cyl), (K23, ED29, Cy2), (K23,
ED29, Cyl), (K28, ED30, Cy1), (K28, ED30, Cy2), (K28,
ED30, Cy3), (K28, ED31, Cyl), (K28, ED31, Cy2), (K28,
ED31, Cy3), (K28, ED32, Cyl), (K28, ED32, Cy2), (K28,
ED32, Cy3), (K28, ED33, Cyl), (K28, ED33, Cy2), (K28,
ED33, Cy3), (K28, ED34, Cyl), (K28, ED34, Cy2), (K28,
ED34, Cy3), (K28, ED35, Cyl), (K28, ED35, Cy2), (K28,
ED35, Cy3), (K28, ED36, Cyl), (K28, ED36, Cy2), (K28,
ED36, Cy3), (K28, ED37, Cyl), (K28, ED37, Cy2), (K28,
ED37, Cy3), (K28, ED38, Cyl), (K28, ED38, Cy2), (K28,
ED38, Cy3), (K28, ED39, Cyl), (K28, ED39, Cy2), (K28,
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ED39, Cy3), (K28, ED40, Cy1), (K28, ED40, Cy2), (K28,
ED40, Cy3), (K28, ED41, Cy1), (K28, ED41, Cy2), (K28,
ED41, Cy3), (K28, ED42, Cyl), (K28, ED42, Cy2), (K28,
ED42, Cy3), (K28, ED43, Cyl), (K28, ED43, Cy2), (K28,
ED43, Cy3), (K28, ED44, Cy1), (K28, ED44, Cy2), (K28,
ED44, Cy3), (K28, ED45, Cyl), (K28, ED45, Cy2), (K28,
ED45, Cy3), (K28, ED46, Cy1), (K28, ED46, Cy2), (K28,
ED46, Cy3), (K28, ED47, Cy1), (K28, ED47, Cy2), (K28,
ED47, Cy3), (K28, ED48, Cy1), (K28, ED48, Cy2), (K28,
ED48, Cy3), (K28, ED49, Cy1), (K28, ED49, Cy2), (K28,
ED49, Cy3), (K28, ED50, Cy1), (K28, ED50, Cy2), (K28,
ED50, Cy3), (K28, ED51, Cyl1), (K28, ED51, Cy2), (K28,
ED51, Cy3), (K28, ED52, Cyl), (K28, ED52, Cy2), (K28,
ED52, Cy3), (K28, ED53, Cyl), (K28, ED53, Cy2), (K28,
ED53, Cy3), (K28, ED54, Cyl1), (K28, ED54, Cy2), (K28,
ED54, Cy3), (K28, ED55, Cyl), (K28, ED55, Cy2), (K28,
ED55, Cy3), (K28, ED56, Cyl), (K28, ED56, Cy2), (K28,
ED56, Cy3), (K28, ED57, Cyl), (K28, ED57, Cy2), (K28,
ED57, Cy3), (K28, ED58, Cyl), (K28, ED58, Cy2), (K28,
ED58, Cy3), (K28, ED59, Cyl), (K28, ED59, Cy2), (K28,
ED59, Cy3), (K28, ED60, Cy1), (K28, ED60, Cy2), (K28,
ED60, Cy3), (K28, ED61, Cyl), (K28, ED61, Cy2), (K28,
ED61, Cy3), (K28, ED62, Cyl), (K28, ED62, Cy2), (K28,
ED62, Cy3), (K28, ED63, Cyl), (K28, ED63, Cy2), (K28,
ED63, Cy3), (K28, ED64, Cyl), (K28, ED64, Cy2), (K28,
ED64, Cy3), (K28, ED65, Cyl), (K28, ED65, Cy2), (K28,
ED65, Cy3), (K28, ED66, Cy1), (K28, ED66, Cy2), (K28,
ED66, Cy3), (K28, ED67, Cyl), (K28, ED67, Cy2), (K28,
ED67, Cy3), (K28, ED68, Cyl), (K28, ED68, Cy2), (K28,
ED68, Cy3), (K28, ED69, Cy1), (K28, ED69, Cy2), (K28,
ED69, Cy3), (K28, ED70, Cy1), (K28, ED70, Cy2), (K28,
ED70, Cy3), (K28, ED71, Cyl), (K28, ED71, Cy2), (K28,
ED71, Cy3), (K28, ED72, Cyl), (K28, ED72, Cy2), (K28,
ED72, Cy3), (K28, ED73, Cyl), (K28, ED73, Cy2), (K28,
ED73, Cy3), (K28, ED74, Cyl), (K28, ED74, Cy2), (K28,
ED74, Cy3), (K28, ED75, Cyl), (K28, ED75, Cy2), (K28,
ED75, Cy3), (K28, ED76, Cyl), (K28, ED76, Cy2), (K28,
ED76, Cy3), (K28, ED77, Cyl), (K28, ED77, Cy2), (K28,
ED77, Cy3), (K28, ED78, Cyl), (K28, ED78, Cy2), (K28,
ED78, Cy3), (K28, ED79, Cyl), (K28, ED79, Cy2), (K28,
ED79, Cy3), (K28, ED80, Cy1), (K28, EDS0, Cy2), (K28,
EDS0, Cy3), (K28, ED81, Cyl), (K28, ED81, Cy2), (K28,
ED81, Cy3), (K28, ED82, Cyl), (K28, EDS2, Cy2), (K28,
EDS2, Cy3), (K28, ED83, Cyl), (K28, ED83, Cy2), (K28,
EDS3, Cy3), (K28, ED84, Cy1), (K28, ED84, Cy2), (K28,
ED84, Cy3), (K28, EDS85, Cyl), (K28, EDS5, Cy2), (K28,
EDS5, Cy3), (K28, ED86, Cy1), (K28, ED86, Cy2), (K28,
EDS6, Cy3), (K28, ED87, Cyl), (K28, ED87, Cy2), (K28,
EDR7, Cy3), (K28, EDS8, Cyl), (K28, EBBS, Cy2), (K28,
EDS8, Cy3), (K28, ED89, Cy1), (K28, ED89, Cy2), (K28,
EDR9, Cy3), (K28, ED90, Cy1), (K28, ED90, Cy2), (K28,
ED90, Cy3), (K28, ED91, Cy1), (K28, ED91, Cy2), (K28,
ED91, Cy3), (K28, ED92, Cy1), (K28, ED92, Cy2), (K28,
ED92, Cy3),

(K29, ED1, Cyl), (K29, ED1, Cy2), (K29, ED1, Cy3).
(K29, ED2, Cyl), (K29, ED2, Cy2), (K29, ED2, Cy3), (K29,
ED3, Cy1), (K29, ED3, Cy2), (K29, ED3, Cy3), (K29, ED4,
Cyl), (K29, ED4, Cy2), (K29, ED4, Cy3), (K29, ED5, Cy1),
(K29, ED5, Cy2). (K29, EDS, Cy3), (K29, ED6, Cy1), ED6,
Cy2), (K29, ED6, Cy3), (K29, ED7, Cyl), (K29, ED7, Cy2),
(K29, ED7, Cy3), (K29, ED8, Cy1), (K29, ED8, Cy2), (K29,
EDS, Cy3), (K29, ED9, Cy1), (K29, ED9, Cy2), (K29, ED9,
Cy3), (K29, ED10, Cyl), (K29, ED10, Cy2), (K29, ED10,
Cy3), (K29, EDI11, Cyl), (K29, ED11, Cy2), (K29, ED11,
Cy3), (K29, ED12, Cyl), (K29, ED12, Cy2), (K29, ED12,
Cy3), (K29, ED13, Cyl), (K29, ED13, Cy2), (K29, ED13,
Cy3), (K29, ED14, Cyl), (K29, ED14, Cy2), (K29, ED14,
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Cy3), (K29, ED15, Cyl), (K29, ED15, Cy2), (K29, ED15,
Cy3), (K29, ED16, Cyl), (K29, ED16, Cy2), (K29, ED16,
Cy3), (K29, ED17, Cyl), (K29, ED17, Cy2), (K29, ED17,
Cy3), (K29, ED18, Cyl), (K29, ED18, Cy2), (K29, ED18,
Cy3), (K29, ED19, Cyl), (K29, ED19, Cy2), (K29, ED19,
Cy3), (K29, ED20, Cy1), (K29, ED20, Cy2), (K29, ED20,
Cy3), (K29, ED21, Cyl), (K29, ED21, Cy2), (K29, ED21,
Cy3), (K29, ED22, Cyl), (K29, ED22, Cy2), (K29, ED22,
Cy3), (K29, ED23, Cyl), (K29, ED23, Cy2), (K29, ED23,
Cy3), (K29, ED24, Cyl), (K29, ED24, Cy2), (K29, ED24,
Cy3), (K29, ED25, Cyl), (K29, ED25, Cy2), (K29, ED25,
Cy3), (K29, ED26, Cyl), (K29, ED26, Cy2), (K29, ED26,
Cy3), (K29, ED27, Cyl), (K29, ED27, Cy2), (K29, ED27,
Cy3), (K29, ED28, Cyl), (K29, ED28, Cy2), (K29, ED28,
Cy3), (K29, ED29, Cyl), (K29, ED29, Cy2), (K29, ED29,
Cy3), (K29, ED38, Cyl), (K29, ED30, Cy2), (K29, ED30,
Cy3), (K29, ED31, Cyl), (K29, ED31, Cy2), (K29, ED31,
Cy3), (K29, ED32, Cyl), (K29, ED32, Cy2), (K29, ED32,
Cy3), (K29, ED33, Cyl), (K29, ED33, Cy2), (K29, ED33,
Cy3), (K29, ED34, Cyl), (K29, ED34, Cy2), (K29, ED34,
Cy3), (K29, ED35, Cyl), (K29, ED35, Cy2), (K29, ED35,
Cy3), (K29, ED36, Cyl), (K29, ED36, Cy2), (K29, ED36,
Cy3), (K29, ED37, Cyl), (K29, ED37, Cy2), (K29, ED37,
Cy3), (K29, ED38, Cyl), (K29, ED38, Cy2), (K29, ED38,
Cy3), (K29, ED39, Cyl), (K29, ED39, Cy2), (K29, ED39,
Cy3), (K29, ED40, Cy1), (K29, ED40, Cy2), (K29, ED40,
Cy3), (K29, ED41, Cyl), (K29, ED41, Cy2), (K29, ED41,
Cy3), (K29, ED42, Cyl), (K29, ED42, Cy2), (K29, ED42,
Cy3), (K29, ED43, Cyl), (K29, ED43, Cy2), (K29, ED43,
Cy3), (K29, ED44, Cy1), (K29, ED44, Cy2), (K29, ED44,
Cy3), (K29, ED45, Cy1), (K29, ED45, Cy2), (K29, ED45,
Cy3), (K29, ED46, Cyl), (K29, ED46, Cy2), (K29, ED46,
Cy3), (K29, ED47, Cyl), (K29, ED47, Cy2), (K29, ED47,
Cy3), (K29, ED48, Cyl), (K29, ED48, Cy2), (K29, ED48,
Cy3), (K29, ED49, Cy1), (K29, ED49, Cy2), (K29, ED49,
Cy3), (K29, ED50, Cy1), (K29, ED50, Cy2), (K29, ED50,
Cy3), (K29, ED51, Cyl), (K29, ED51, Cy2), (K29, ED51,
Cy3), (K29, ED52, Cyl), (K29, ED52, Cy2), (K29, ED52,
Cy3), (K29, ED53, Cyl), (K29, ED53, Cy2), (K29, ED53,
Cy3), (K29, ED54, Cyl), (K29, ED54, Cy2), (K29, ED54,
Cy3), (K29, ED55, Cyl), (K29, ED55, Cy2), (K29, ED55,
Cy3), (K29, ED56, Cyl), (K29, ED56, Cy2), (K29, ED56,
Cy3), (K29, ED57, Cyl), (K29, ED57, Cy2), (K29, ED57,
Cy3), (K29, ED58, Cyl), (K29, ED58, Cy2), (K29, ED5S,
Cy3), (K29, ED59, Cy1), (K29, ED59, Cy2), (K29, ED59,
Cy3), (K29, ED60, Cy1), (K29, ED60, Cy2), (K29, ED60,
Cy3), (K29, ED61, Cyl), (K29, ED61, Cy2), (K29, ED61,
Cy3), (K29, ED62, Cyl), (K29, ED62, Cy2), (K29, ED62,
Cy3), (K29, ED63, Cyl), (K29, ED63, Cy2), (K29, ED63,
Cy3), (K29, ED64, Cyl), (K29, ED64, Cy2), (K29, ED64,
Cy3), (K29, ED65, Cyl), (K29, ED65, Cy2), (K29, ED65,
Cy3), (K29, ED66, Cy1), (K29, ED66, Cy2), (K29, ED66,
Cy3), (K29, ED67, Cyl), (K29, ED67, Cy2), (K29, ED67,
Cy3), (K29, ED68, Cyl), (K29, ED68, Cy2), (K29, ED6S,
Cy3), (K29, ED69, Cy1), (K29, ED69, Cy2), (K29, ED69,
Cy3), (K29, ED70, Cy1), (K29, ED70, Cy2), (K29, ED70,
Cy3), (K29, ED71, Cyl), (K29, ED71, Cy2), (K29, ED71,
Cy3), (K29, ED72, Cyl), (K29, ED72, Cy2). (K29, ED72,
Cy3), (K29, ED73, Cyl), (K29, ED73, Cy2), (K29, ED73,
Cy3), (K29, ED74, Cyl), (K29, ED74, Cy2), (K29, ED74,
Cy3), (K29, ED75, Cyl), (K29, ED75, Cy2), (K29, ED75,
Cy3), (K29, ED76, Cyl), (K29, ED76, Cy2), (K29, ED76,
Cy3), (K29, ED77, Cyl), (K29, ED77, Cy2). (K29, ED77,
Cy3), (K29, ED78, Cyl), (K29, ED78, Cy2), (K29, ED78,
Cy3), (K29, ED79, Cyl), (K29, ED79, Cy2), (K29, ED79,
Cy3), (K29, ED80, Cy1), (K29, ED80, Cy2), (K29, EDS0,
Cy3), (K29, ED81, Cyl), (K29, ED81, Cy2), (K29, ED81,
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Cy3), (K29, ED82, Cyl), (K29, ED82, Cy2), (K29, EDS2,
Cy3), (K29, ED83, Cyl), (K29, ED83, Cy2), (K29, EDS83,
Cy3), (K29, ED84, Cy1), (K29, ED84, Cy2), (K29, ED84,
Cy3), (K29, ED85, Cyl), (K29, ED85, Cy2), (K29, EDSS5,
Cy3), (K29, ED86, Cy1), (K29, ED86, Cy2), (K29, EDS6,
Cy3), (K29, ED87, Cyl), (K29, ED87, Cy2), (K29, EDS87,
Cy3), (K29, ED88, Cyl), (K29, ED88, Cy2), (K29, EDSS,
Cy3), (K29, ED89, Cy1), (K29, ED89, Cy2), (K29, EDS89,
Cy3), (K29, ED90, Cy1), (K29, ED90, Cy2), (K29, ED90,
Cy3), (K29, ED91, Cy1), (K29, ED91, Cy2), (K29, ED91,
Cy3), (K29, ED92, Cy1), (K29, ED92, Cy2), (K29, ED92,
Cy3), provided that the compounds described in PCT/
JP2009/068400 (W0O2010/050468) are excluded.

Experimental Example 1

The antimicrobial activity in vitro of the present compound
(D) was determined.

10

15
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(Test Methods)
(Microbe/Strain Species Nos. 1-4):

Measurement of Minimum Inhibitory Concentration
(MIC, pg/ml) was conducted according to the standard
method of the Japan Society for Chemotherapy and the
amount of bacteria for inoculation was 1000 cfu/spot, and
sensitive disc medium was used as the test medium, and
conducted using agar plate incubation.

(Microbe/Strain Species No. 5):

Measurement of Minimum Inhibitory Concentration
(MIC, pg/ml) was conducted according to the CLSI (Clinical
and Laboratory Standards Institute) and the amount of bac-
teria for inoculation was 10000 cfu/spot, and Mueller-Hinton
agar medium was used as the test medium, and conducted
using agar plate incubation.

Test results are shown in Tables 10-20. In the tables, the
unit of the values of inhibitory activity is pg/ml.

TABLE 10
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (I-1) (1-5) (1-6) (1-9) (1-14)
1 Klebsiella pneumoniae ATCC 700603 0.25 0.25 1 0.125 0.5
2 Pseudomonas aeruginosa SR24 0.063 0.063 0.063 0.063 0.125
3 Pseudomonas aeruginosa SR27060 0.25 0.5 0.5 0.25 0.25
4 Acinetobacter baumannii SR24396 0.25 0.125 0.125 0.125 0.125
5 Stenotrohomonas maltophilia  SR21970 1 0.5 1 0.5 1
TABLE 11
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (I-15) (I-18) (1-19) (1-21) (1-23)
1 Klebsiella pneumoniae ATCC 700603 0.25 0.5 0.5 0.5 0.5
2 Pseudomonas aeruginosa SR24 0.063 0.063 0.125 0.125 0.063
3 Pseudomonas aeruginosa SR27060 0.5 1 0.125 1 0.5
4 Acinetobacter baumannii SR24396 0.25 0.125 0.125 0.125 0.125
5 Stenotrohomonas maltophilia  SR21970 1 2 0.5 1 1
TABLE 12
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (1-25) (1-28) (1-31) (1-34) (1-35)
1 Klebsiella pneumoniae ATCC 700603 0.25 0.25 1 0.5 1
2 Pseudomonas aeruginosa SR24 0.125 0.125 0.063 0.063 0.063
3 Pseudomonas aeruginosa SR27060 0.5 0.25 0.5 0.5 0.25
4 Acinetobacter baumannii SR24396 0.125 0.125 0.25 0.125 0.5
5 Stenotrohomonas maltophilia  SR21970 1 2 1 0.5 1
TABLE 13
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (1-36) (1-37) (1-38) (1-41) (1-42)
1 Klebsiella pneumoniae ATCC 700603 0.5 0.5 1 0.5 0.25
2 Pseudomonas aeruginosa SR24 0.125 0.125 0.125 0.125 0.063
3 Pseudomonas aeruginosa SR27060 0.25 1 2 0.5 1
4 Acinetobacter baumannii SR24396 0.5 0.125 0.25 0.125 0.25
5 Stenotrohomonas maltophilia  SR21970 1 1 1 1 1
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TABLE 14
Bacteria Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (I-51) (1-52) (1-59) (1-63)
1 Klebsiella preumoniae ATCC 700603 0.25 0.5 0.25 1
2 Pseudomonas aeruginosa SR24 0.063 0.125 0.063 0.063
3 Pseudomonas aeruginosa SR27060 0.5 2 0.25 0.5
4 Acinetobacter baumannii SR24396 0.125 0.125 0.125 0.25
5 Stenotrohomonas maltophilia  SR21970 1 1 0.5 0.5
TABLE 15
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (II-1) (II-2) (1I-3) (II-5) (II-7)
1 Klebsiella preumoniae ATCC 7000603 0.25 0.5 0.5 0.5 0.5
2 Pseudomonas aeruginosa SR24 0.125 0.125 0.125 0.125 0.25
3 Pseudomonas aeruginosa SR27060 0.5 1 0.5 0.25 0.5
4 Acinetobacter baumannii SR24396 0.063 0.25 0.125 0.125 0.125
5 Stenotrophomonas maltophilia SR21970 2 2 0.5 4 0.5
TABLE 16
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (11-9) (II-15) (II-16) (I1-25) (11-28)
1 Klebsiella preumoniae ATCC 7000603 1 0.125 0.25 0.5 0.25
2 Pseudomonas aeruginosa SR24 0.25 0.063 0.125 0.125 0.125
3 Pseudomonas aeruginosa SR27060 0.5 0.25 0.5 1 1
4 Acinetobacter baumannii SR24396 0.063 0.125 0.125 0.063 0.125
5 Stenotrophomonas maltophilia SR21970 0.25 0.5 0.5 1 0.5
TABLE 17
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (11-29) (II-36) (I1-37) (11-47) (11-48)
1 Klebsiella preumoniae ATCC 7000603 0.125 0.5 0.5 0.25 0.25
2 Pseudomonas aeruginosa SR24 0.125 0.25 0.25 0.063 0.063
3 Pseudomonas aeruginosa SR27060 0.5 0.5 0.25 0.25 0.25
4 Acinetobacter baumannii SR24396 0.25 0.25 0.25 0.25 0.125
5 Stenotrophomonas maltophilia SR21970 0.5 1 0.5 0.5 0.5
TABLE 18
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (11-49) (II-50) (II-51) (I1-55) (II-56)
1 Klebsiella preumoniae ATCC 7000603 0.125 0.25 0.25 0.25 0.25
2 Pseudomonas aeruginosa SR24 0.125 0.125 0.125 — —
3 Pseudomonas aeruginosa SR27060 0.5 0.5 0.25 0.5 0.5
4 Acinetobacter baumannii SR24396 0.125 0.25 0.125 0.25 0.25
5 Stenotrophomonas maltophilia SR21970 0.5 0.5 0.25 0.5 0.5
TABLE 19
Bacteria Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (11-57) (II-58) (II-59) (11-63)
1 Klebsiella preumoniae ATCC 7000603 0.25 0.5 0.5 1
2 Pseudomonas aeruginosa SR24 0.063 0.25 0.25 0.063
3 Pseudomonas aeruginosa SR27060 0.5 0.5 0.5 0.5
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TABLE 19-continued
Bacteria Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (11-57) (II-58) (II-59) (11-63)
4 Acinetobacter baumannii SR24396 0.063 0.125 0.125 0.125
5 Stenotrophomonas maltophilia SR21970 0.5 0.5 1 0.5
TABLE 20
Bacteria Compound  Compound  Compound  Compound  Compound
Strain No. Bacteria Species Strain Name (I11-3) (111-5) (I11-9) (I11-10) (I11-14)
1 Klebsiella preumoniae ATCC 700603 0.25 0.125 0.125 0.125 0.5
2 Pseudomonas aeruginosa SR24 0.125 0.125 0.25
3 Pseudomonas aeruginosa SR27060 0.5 0.5 0.25 0.25 0.5
4 Acinetobacter baumannii SR24396 0.125 0.25 0.125 0.125 0.125
5 Stenotrohomonas maltophilia  SR21970 0.5 0.25 0.5 0.5 0.25
20

Description of the bacterial strain in the above tables and
enzyme (beta-lactamase) produced thereby are shown in
Table 21.

TABLE 21
Enzyme

Bacteria Species Strain Name Produced  Strain Type

K. pneumoniae ATCC700603  SHV-18 ESBL producer strain

P. aeruginosa SR24 None Ceftazidime sensitive
strain

P. aeruginosa SR27060 IMP-1 MBL producer strain
(carbapenem resistant
strain)

A. baumannii SR24396 None

S. maltophilia SR21970 L-1 MBL producer strain
(carbapenem resistant
strain)

Experimental Example 2

The antimicrobial activity in vivo of the present compound
(D) was determined.

(Test Methods)

Mice (ICR type, male, 5 weeks) were inoculated intraperi-
toneally with P aeruginosa SR27001 (multi-resistant
Pseudomonas aeruginosa; IMP-1 producing strain) to raise
infection. One and half hours after, mice were treated with
intravenious administration in twice, and then the ED50 value
was calculated based on the survival rate after 7 days.

The antimicrobial activity in vitro (MIC) of the test com-
pounds was determined according to the method of Experi-
mental Example 1. The results are shown in Table 22

TABLE 22

P aerugonosa SR27001

ED30 (mg/kg) MIC (pug/mL)*
Compound (I-25) 3.34 1
Compound (I-13) 4.22 1
Compound (I-20) 5.48 2
CFPM >100 >64
*Addition of Tf
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The structure of the comparative compound is shown
below.

S
| (@]
H,N— -
\Nj\H‘;N S
|
N\ N

[Formula 197]

S N{
(|) 0 CIH;
CH Coo-
2HCI, H,0

CFPM

As shown in the above results, the compounds of the
present invention have a wide antimicrobial spectrum, in
particular, potent antimicrobial spectrum against Gram nega-
tive bacteria, and/or effectiveness against multi-drug resistant
bacteria, and exhibited high stability against beta-lactamase
producing Gram negative bacteria. In comparison to
cefepime hydrochloride hydrate (CFPM), a launched beta-
lactamase resident cefarospolin antibiotics having a similar
structure, the compound of the present invention showed a
higher antimicrobial activity, thus being useful as medicines.

Formulation Example 1

Powder of a compound of the present invention is loaded to
prepare a formulation for injection.

Industrial Applicability

The compounds of the present invention have a wide anti-
microbial spectrum, and are effective as an antimicrobial drug
having high stability against beta-lactamase producing Gram
negative bacteria. Moreover, the compounds have good bio-
availability, and high water solubility, and thus particularly
useful for injectable formulation.
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The invention claimed is: ii) when G is the 5-membered heterocyclic group; then
1. A compound of the formula: Dis— CH,—or—CH, CH, andE is a group of
following formula (10) in following cyclic groups
of the moiety E:
@ 5
H N—<S\X i H g3 @
> \NJK(LN R o
| )i (R %
N SN N
TR ) \(: lOH, \/ O
% €00 PN
R2 . oH ‘H{NJr
Q\COOH 13
@
wherein, %
X is —N:, —CH:, —C(—RS):, —C(—BI‘):, or
—C(—Ch=; 20 /N
R is C, ¢ alkyl or haloC, zalkyl;
Wis—CH,—, —S—or—0—; L
Uis —CH,—,—S—or—O—whenWis —CH,—, or U
is —CH,— when W is —S—or —O—; 771{
R! and R? are independently hydrogen, halogen, hydroxyl, 25 3)
carboxy, an optionally substituted C, _, alkyl, an option- ( ’
ally substituted carbocyclic group, or an optionally sub-
stituted heterocyclic group; or Q\\
R! and R? are taken together with an adjacent atom to form \\/N
optionally substituted carbocyclic group or an option- 37 LL‘I{_'

ally substituted heterocyclic group;

R? is hydrogen, —OCH, or —NH—CH(=0);

each R* is independently hydrogen, halogen, hydroxyl,
—CN, —C(=0)—R®, —C(=0)—0H,

C, ¢ alkyl, haloC,_.alkyl, or —ORS;

k is an integer from 0 to 2;

R%is C, 4 alkyl or haloC, salkyl;

m is an integer from 0 to 2;

Q is a single bond, optionally substituted carbocyclic 4,
group, or an optionally substituted heterocyclic group;

G is i) —C(—O)— or ii) a 5-membered heterocyclic NI
group; E{

wherein
i) when G is —C(—0)—, then 45 Q)
a) D is a single bond, —NH— or —R"—NH—
wherein R is C, , alkylene; and E is optionally &/N
substituted cyclic group selected from the group

consisting of formulae (1)-(3), (5)-(8), (10)-(11), 771{1‘(

®)

35
N

©)

(26)-(27) and (30)-(31) below, where the substitu- 30
ent group in the optionally substituted cyclic group
for E is at least one group selected independently ®)
from the group consisting of optionally subsituted
C, 5 alkyl or Substituent Group Alpha; or N

b) D is a group of following formula: 55

RX

(10)

N?‘}X( N?f \,_(_,/ VY
or ’
N?
65 1‘1,{ };‘A
wherein q is 0 or 1, and E is a group of following

formula (46); and



US 9,145,425 B2

477

-continued
(€3]

26)

@7

(30)

G

(46)

R* R
\/
\i{w};

wherein, p is an integer from 1to 3, nis 1 or 2, and R*
is optionally substitued C, 4 alkyl; provided that
following compounds from (A-1) to (A-38) are
excluded,

A1
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N
j)l\y(
N

wN— |
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-continued
(A-2)

HOOC\%
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N

¥ s
a | L) 't
HoN
2 _<S (@] 5 N\g\/w\/\N OH
H
COO”

oH
(A-3)
HOOC\%
o)
N i
N])l\”/ N § [\ o a
wN—
o it
COO o
Cl
(A-4)

Hooc\lk

.0

1 @
AN S on

N | Z & H
S o 5 N AN AN ol
Coor o«

(A-5)

HOOC\%

.0

N
| H
N\Hﬁ‘/N S OH
HZN—</ I [ X H
_N 0 ];N N N
S o # NN O
Coo- 0

(A-6)
0
HN— MH
N S
STNONT
+
~0 N __A# N\/\N OH
O H
CO,H oit
(A7)
S
0
EN— | i
N N, S
I\|I )ﬁ—( 0o
0 N AN~ OH
0 H
HOLL 0% o OH
(A-8)
HZN_<\ j\KlL
)j /
coo®
Me COOH
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-continued

N ]
SRR

co0®
COOH

(A-9)
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O O
Me"“< CcOO oH
COOH
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0 o N
M@m< C00 ot
COOH
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e
0
RV (P
| ;I:T/ (@ 5 o
N N N OH
AY
M@m< 00® o
COOH
Cl
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s
0
EN— | "
Y NG g
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i )er/ N\/\N OH
Me X O o i
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s
0
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N
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O 0
Me Q H

COOH Of
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s
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-continued
(A-16)
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-continued
(A-23)

S~
HN— |

N 0O
N s on
QX
N N
o g 7 OH
78,/0}1 oo
0
(A-24)

S
EN— | 2
N

fy wkﬂj
COOH OH

(A-25)
HZN—<\
jﬁ—( o ¢l
H
Phll-
COOH Of
(A-26)

A0 4

/|II
H,NOC COOH Of
(A-27)
Me COOH
(A-28)
_<S O o
HEN— |
N NH S OH
N N N7
0 o 7~ OH
o 0% o
HO
(A-29)
_<S O o
HN— |
N NH S OH
| N
N N Nt H
0 o 7 OH
e
o 0% o

482

-continued

\|/COZH
5
_0

N H
N])l\'(N S o a
HN— | [ &
—<S e} o N~ N+\/\N OoH
H
(elele}

OH
(A-31)
/H/COZH
0
N7 i
N (A § [\ o a
4
20 HZN_< | o} N N OH
S o / \/\N
H
Co0- ont

(A-32)

(A-30)

25

Q/COZH
N/O
P s
N
Z 5 o
HZN_</ | 0 N N OH
g A NP
0 H
oo
OH

(A-33)
/g/COZH
.0
N 0o
2 N X 5 N OH
N ] 0 N N "
S d v OH
Co0r

45

(]
<

35

(A-34)

COH
e OH
| § H
N N 5 N ox
mLN—
2 _<s | o j;N( N*Ej Cl
o
coo-

50

55

(A-35)

S

U8 3
NN OH

ST

OH



US 9,145,425 B2

483
-continued
(A-36)
0
HO
o)
Now
Nj)l\”/ N s [ 5 o a
mLN—
2 _<s | 0 );N( NN~ on
o ht
0% o OH
(A-37)
s
0
HN— | i
N | § / 5 o
N\ le\'rf\/wv\N OH
0 J N
0% o OH
OH
0
(A-38)
s
0
EN— | K
N | j;fs [ 5 o
N
S0 Nf\/w\/\NJKGiOH
0 o N
ite) @) O OH,
and

wherein the substituent group in each of the optionally
substituted C, , alkyl, the optionally substituted car-
bocyclic group, and the optionally substituted heterocy-
clic group is at least one group selected independently
from the Substituent Group Alpha,
wherein the Substituent Group Alpha consists of halo-
gen, hydroxy, C,  alkoxy, hydroxyC, salkoxy, C, ¢
alkoxy C, g alkoxy, carboxy, amino, acylamino, C,
alkylamino, imino, hydroxyimino, C, 4 alkoxyimino,
C,; alkylthio, carbamoyl, C,, alkylcarbamoyl,
hydroxyC, galkylcarbamoyl, sulfamoyl, C, ¢ alkyl-
sulfamoyl, C, , alkylsulfinyl, cyano, nitro, a carbocy-
clic group, and a heterocyclic group,

or an ester, which is formed at at least one site selected from

the group consisting of a 4-position of a cephem skeleton
and a 7-position thereof, a protected compound at the
amino on the ring in the 7-side chain, a pharmaceutically
acceptable salt, or a solvate thereof.

2. The compound, or an ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or a solvate thereof according to claim 1,
wherein G is —C(—0)—; D is the single bond, —NH— or
—R™—NH— wherein R” is C,_ alkylene; and E is selected
from the group consisting of the formulae (1)-(3), (5)-(8),
(10)-(11), (26)-(27) and (30)-(31).

3. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
2, wherein D is —NH—, —CH,—NH— or —CH,—CH,—
NH—.
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4. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
3, wherein E is a group selected from the group consisting of
the formulae (5), (6), (10), (11), (26), and (30)-(31).

5. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
3, wherein E is of the formula (26) or (31).

6. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
2, wherein D is the single bond.

7. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
6, wherein E is a group selected from the group consisting of
the formulae from (1) to (3), (7), (8), and (27).

8. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
6, wherein E is a group selected from the group consisting of
the formulae from (1) to (3), and (7).

9. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein G is —C(—O0)—; and D is the group of the
formula:

N?ef
wherein, q is as defined in claim 1.

10. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein G is the 5S-membered heterocyclic group; and D is
—CH,— or —CH,—CH,—.

11. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein U is —S—.

12. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein W is —CH,—.

13. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein R? is hydrogen or —OCH,.

14. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein X is —N—, —CH—, or —C(—Cl)—.

15. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein a group represented by a formula:
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(R
%

| —OH

X

in the formula (I),
is a group represented by a formula:

R

OH

OH,

wherein, R* is as defined in claim 1.

16. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein R* is each independently hydrogen or halogen.

17. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein R' is the optionally substituted C, 4 alkyl,

wherein one or more optional substituents for the option-

ally substituted C, g alkyl are at least one group selected
from the group consisting of fluorine, chlorine, bromine,
hydroxy, carboxy, methoxy, ethoxy, hydroxymethoxy,
hydroxyethoxy, methoxymethoxy, methoxyethoxy,
amino, acetylamino, methylamino, dimethylamino,
imino, hydroxyimino, methoxyimino, methylthio, car-
bamoyl, methylcarbamoyl, hydroxymethylcarbamoyl,
sulfamoyl, methylsulfamoyl, C,; alkylsulfamoyl,
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cyano, nitro, phenyl, cyclopropyl, cyclobutyl, cyclo-
hexyl, pyridyl, and morpholinyl; and R? is hydrogen.
18. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein R* is hydrogen; and R? is the optionally substituted
Cy.salkyl,
wherein one or more optional substituents for the option-
ally substituted C, g alkyl are at least one group selected
from fluorine, chlorine, bromine, hydroxy, carboxy,
methoxy, ethoxy, hydroxymethoxy, hydroxyethoxy,
methoxymethoxy, methoxyethoxy, amino, acetylamino,
methylamino, dimethylamino, imino, hydroxyimino,
methoxyimino, methylthio, carbamoyl, methylcarbam-
oyl, hydroxymethylcarbamoyl, sulfamoyl, methylsulfa-

moyl, C,_; alkylsulfamoyl, cyano, nitro, phenyl, cyclo-
propyl, cyclobutyl, cyclohexyl, pyridyl, and
morpholinyl.

19. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein R and R? are each C,  alkyl.

20. The compound, or the ester, the protected compound at
the amino on the ring in the 7-side chain, the pharmaceuti-
cally acceptable salt, or the solvate thereof according to claim
1, wherein m is 0.

21. A pharmaceutical composition, which comprising the
compound, or the ester, the protected compound at the amino
on the ring in the 7-side chain, the pharmaceutically accept-
able salt, or the solvate thereof according to claim 1.

22. The pharmaceutical composition according to claim
21, which possesses an antimicrobial activity.

23. A method for treating a bacterial infectious disease,
characterized in a step of administering the compound, or the
ester, the protected compound at the amino on the ring in the
7-side chain, the pharmaceutically acceptable salt, or the
solvate thereof according to claim 1.

#* #* #* #* #*



